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SUMMARY 


During  the  period  of  Task  Order  No.  23  (Contract  N62269-78-C-0191) . 
Computer  Sciences  Corporation  (CSC)  conducted  4  conputer  simulation 
studies  for  the  Life  Support  Engineering  Division  (LSED)  of  the  Naval 
Air  Development  Center  (NADC) .  These  studies  were  initiated  at  the 
request  of  Task  Order  23  Cognizant  Engineer,  Mr.  L.  D'Aulerio,  and 
were  conducted  using  the  ICARUS  Aircrew  Autonated  Escape  System  Simulation 
Model  to  simulate  the  performance  of  the  F-14A,  F-18A,  and  TF-18A 
ejection  systems.  The  4  studies  that  were  ccitpleted  are: 

1.  F-18A  Ejection  System  Perforrrance  Study 

2.  F-18A  controlled  Angular  Rate  Study 

3.  F-14A  Dual  ^iode  Ejection  Seat  Study 

4.  TF-18A  Ejection  System  Performance  Study 

Before  conducting  these  studies,  the  ICARUS  Program  was  modified 
to  simplify  the  input  file  needed  to  run  the  program.  Wliile 
conducting  the  TF-18A  Performance  Study,  several  problons  were  found 
in  the  program.  These  problems  were  corrected  and  the  modified 
program  was  validated  ccitparing  the  results  of  8  Naval  Vfeapons 
Center  (NWC) ,  China  Lake,  California  F-18A  sled  tests  with  the  results 
of  8  corresponding  ICARUS  simulation  program  runs. 

In  addition  to  these  efforts,  CSC  implonented  3  utility  programs  in 
order  to  simplify  the  process  of  executing  the  ICARUS  Program  and  the 
generation  of  output  plots. 
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1.0 


INTRODUCTION 


This  document  describes  the  modifications  made  to  ICARUS  eind  the 
subsequent  validation  of  the  program,  the  4  studies  coipleted  losing  tlie 
ICARUS  Program,  and  the  3  utility  programs  iirplemented  to  simplify 
the  process  of  making  ICARUS  runs  and  plots. 

The  problems  encountered  in  the  program,  the  modifications  made  to 
correct  these  problems  and  the  program  validation  study  are  discussed  in 
detail  in  Sections  3  and  4.  Since  the  problons  were  discovered  after  the 
4  studies  had  been  cotpleted,  the  discussion  of  these  studies  in  Section  2 
is  limited  to  a  brief  description  of  the  purpose  of  the  study,  the  test 
runs  made,  a  brief  description  of  the  results  of  the  study,  and  the  tables 
and/or  plots  recjuested  by  LSED  for  each  test. 

Section  5  contains  instructions  for  using  the  3  utility  programs,  along 
with  a  sairple  of  the  output  generated  by  each. 
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2.0 


STUDIES  PERPOIMED  USING  ICARUS 


CSC  conducted  4  studies  for  the  USED.  Tliese  studies  were  conducted 
using  the  version  of  ICARUS  tliat  existed  before  the  corrections 
described  in  Section  3.2  were  made  £md  the  validation  study  described 
in  Section  4  was  conducted.  Thus,  the  results  of  sane  of  the  runs 
made  for  the  studies  described  in  this  section  are  questionable. 

2.1  F-18A  Escape  System  Performance  Study 

2.1.1  Purpose 

At  the  request  of  the  Cognizant  Engineer  (CE) ,  CSC  conducted  an  analysis 
of  the  F-18A  Escape  System.  The  purpose  of  the  study  v/as  twofold: 

1.  The  first  objective  was  to  validate  the  results  generated 
by  the  ICARUS  Program. 

2.  The  second  objective  was  to  examine  the  performance  of  the 

F-18A  escape  system  under  various  conditions  at  ejection. 

2.1.2  Test  Conditions 

In  order  to  achieve  the  first  objective  of  the  study,  ICARUS  was  used 
to  simulate  8  F-18A  sled  tests  run  at  the  Naval  Weapons  Center  SNORT 
facility.  The  initial  conditions  for  these  8  tests  are  listed  in 
Table  2-1. 

To  meet  the  second  objective,  22  tests  were  run.  Figure  2-1,  extracted 
from  MIL-S-18471,  lists  for  each  test  the  required  aircraft  orientation 
at  the  time  of  ejection  initiation. 
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TEST  # 


VEIJXITY  PERCEnTTIIE 

(KEAS)  DUM-IY 


0 

98 

225 

98 

0 

3 

225 

3 

435 

3 

435 

98 

600 

3 

600 

■ 

98 

TABLE  2-1 


TABLE  I 

ESCAPE  SYSTEM  IN-FLIGtir  PERPOIM\NCE  I^QUIREMEMT  CAPABILITIES  FOR 
ICAO  STANDARD  AIMOSPHERIC  CCNDITICNS 


TERRAIN  CLEARANCE 

Altitude  (Feet)  1/ 

AIRCR?ET  CCNDITICN  AT 
ESCAPE  SYSTEM  INITIATIOI 

Single  7/ 
Place  A/C 

2/rwo 

Place  A/C 

Altitude 

Sink  Rate 
(fpra) 

Special 
KEAS  4/  6/ 

1 

22 

40 

Wings  and  nose  level 

2400 

100 

2 

45 

80 

Wings  and  nose  level 

5000 

100 

3 

20 

30 

30°  bank  and  nose  level 

1200 

50 

4 

25 

45 

30°  bank  and  nose  level 

2000 

50 

'5 

30 

55 

30°  bank  and  nose  level 

3000 

100 

6 

45 

85 

30°  bank  and  nose  level 

4500 

100 

7 

20 

40 

45°  bank  and  nose  level 

2000 

100 

8 

124 

157 

45°  bank  and  nose  level 

5000 

100 

9 

201 

214 

90°  bank  and  nose  level 

2000 

100 

10 

320 

353 

90°  bank  and  nose  level 

5000 

100 

11 

245 

245 

120°  bank  and  nose  level 

0 

130 

12 

350 

350 

150°  bank  and  nose  level 

0 

130 

13 

384 

384 

180°  bank  and  nose  level 

0 

130 

14 

15’ 

20 

Wings  level  and  5°  nose  dcwn 

1200 

130 

15 

20 

30 

Wings  level  and  10°  nose  dcwn 

2000 

130 

16 

30 

55 

Wings  level  and  15°  nose  down 

3000 

130 

17 

45 

85 

Wings  level  and  20°  nose  down 

4500 

130 

18 

22 

40 

Wings  and  nose  level 

2400 

350 

19 

22 

40 

Wings  and  nose  level 

2400 

600  5/ 

20 

570 

722 

Wings  level,  30°  nose  down 

3/ 

450 

Ground  level  Ground  level  Wings  level,  20°  nose  level  0 


Ground  level  Ground  level  Wings  level,  20°  nose  down 


0  50 


1/  Maximum  acceptable  altitude  for  initiation  of  safe  escape  based  on  the  ncminal 
time  delays  noted  below.  At  no  point  in  the  trajectories  shall  the  crewman 
equipped  with  applicable  flight  clothing,  environmental  protective  garmets,  and 
survival  equipment  contact  the  ground  until  the  recovery  parachute  attains 
a  steac^  state  descent. 

2/  Interseat  delay  time  0.4  sec,  0.30  sec  canopy  jettison  delay. 

3/  The  aircraft  descent  rate  attainable  for  the  specified  altitude  and  airspeed. 

4/  All  airspeeds  measured  along  the  aircraft  flight  patli. 

5/  The  maximum  aircraft  airspeed  if  aircraft  maximum  airspeed  is  greater  than 
350  KEIAS  and  less  than  600  KEAS. 

6/  Applicable  at  the  instant  the  firing  control  is  autcmated. 


Figure  2-1 
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2.1.3 


Results 


2. 1.3.1  F-18A  Track  Tests 

To  verify  the  ICARUS  Program,  the  results  generated  by  ICARUS  were 
coipaired  against  the  actual  tost  data  obtained  fron  the  track  tests. 
Figures  A.l  to  A.  16  compare  tlie  trajectories  generated  by  ICARUS  v;ith 
the  trajectories  measured  at  the  track.  Because  the  trajectory  of 
the  eighth  test  was  observed  to  be  very  lew,  an  effort  was  made  to 
determine  its  cause.  This  effort  consisted  of  varying  several  inputs 
to  the  ICARUS  Program  and  then  conparing  the  resultant  trajectory  with 
the  low  trajectory  observed  at  the  track.  The  following  variables 
were  modified,  one  at  a  time,  to  test  their  effect  in  lowering  the 
simulated  trajectory: 

C.G.  parameters 
Tube  parameters 
Aerodynamic  forces 
Catapult  thiaist 

Figures  A. 17  and  A.  18  conpare  the  trajectory  generated  by  the  normal 
simulation  with  those  generated  by  varying  the  C.G.  parameters  and 
the  tube  paraneters;  Figures  A.  19  and  A.  20  conpare  the  trajectory 
generated  by  the  normal  simulation  with  those  generated  by  varying 
the  aeroc^naamic  forces  and  the  catapult  thrust. 

2. 1.3. 2  F-18A  Performance  Tests 

In  addition  to  listing  the  aircraft  conditions  at  the  time  of  ejection 
initiation  for  the  22  performance  tests,  MIL-S-18471  states  that  the 


occupant  must  obtain  a  steady  state  of  descent  rate  equal  to,  or  less 
than,  30  fps  total  velocity  with  a  vertical  ccoponent  no  greater  than 
24  fps. 

Figure  2-2  displays  the  aircraft  orieitation  at  the  time  of  the  escape 
system  initiatiOT  and  the  following  corresponding  occupant  trajectory 
data  generated  by  the  simulatim  irodel  for  each  test: 

1.  The  rticr^uriuin  altitude  obtained  during  the  interval  frcxn 
rocket  burnout  to  recovery  chute  full  inflation  or  oc¬ 
cupant  inpact  (\i^ichever  comes  first) . 

2.  The  altitude,  vertical  and  total  velocity  at  full  inflation  or 
inpact. 

3.  The  value  of  the  ccmputed  performance  indices. 

Due  to  the  fact  that  the  recovery  chute  simulation  iitplemented  in  ICARUS  at 
the  time  this  study  was  conducted  had  been  developed  for  a  chute  other  than 
the  one  enplcyed  in  the  F-18A  aircraft,  it  was  decided  to  use  the  vertical 
and  total  velocity  of  the  crewperson  at  either  full  inflation  or  impact 
(whichever  came  first)  in  determining  v^iether  or  not  the  test  ejection 
was  predicted  as  being  successful,  marginal  or  a  failure. 

An  enpirical  index  was  developed  to  aid  in  this  determination.  This 
index  (Pl-perforraance  index)  was  derived  as  a  function  of  the  total 
velocity  aiid  altitude  at  impact  or  full  inflation  and  the  maximum  allow¬ 
able  total  velocity  (30  feet/sec) . 
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E  TESTS  -  SUCCESS/FAILURE  ANALYSIS  DATA 


Figure 


The  index  was  cxnputed  as  follows:  ■ 

PI  =  Vel^  where:  p  =  1  +  Alt 

(veltoox)  P  ^ 

v/here:  Vel^  is  defined  as  the  total  velocity  obtained  by  the 

crewperson  at  the  time  of  recovery  chute  full  inflation 
or  impact  (feet/sec) . 

^®^tmax  defined  as  the  total  maxiraum  velocity  allowed 
at  iirpact  (30  feet/sec) . 

Alt  is  defined  as  the  altitude  at  inflation,  0  at 
inpact,  (feet) . 

c  is  an  empirically  derived  constant  -  the  value  used 
for  this  study  being  100  (feet) . 

The  following  subjective  intervals,  based  on  past  experience  in  the  use  of 
the  model  and  historical  trajectory  sled  test  data,  were  used  to  deter¬ 
mine  whether  the  generated  simulated  trajectory  obtained  was  successful, 
marginal,  or  a  failure: 

Success:  0  _<  PI  £  1 

Marginal:  1  <  PI  £  2 

Failure:  2  <  PI 

Based  upon  these  intervals  and  the  associated  Performance  Index  conputed 
for  each  case,  a  success,  marginal  and  failure  table  (Figure  2-3)  was 
derived  indicating  whether  each  test  case  simulated  was  considered 
successful,  marginal  or  a  failure. 
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Figure  2-3  -  Success ,  Marginal ,  Failure  Test  Case 


(Note:  Caution  should  be  exercised  in  using  the  Performance  Index 
defined  above,  for  cases  other  than  those  shown  in  Figure  2-3.  The 
Performance  Index  was  designed  specifically  for  this  study  cind  is  not  all 
encompassing,  as  illustrated  by  the  following  exaitple; 

Given  a  total  velocity  of  60  ft/sec  at  impact, 

PI  =60/ 

This  defines  the  test  as  itarginal,  whereas  I'fEL-S-18471  requirements 
define  this  test  as  a  failure.) 

Figures  A. 21  through  A. 42  in  Appendix  A  show  the  trajectories  generated 
by  ICARUS  for  these  22  tests. 

Since  tests  2,  6,  9,  12  and  17  were  designated  as  failures,  the  CE 
requested  that  they  be  rerun  to  determine  the  minimum  altitude  required  at 
ejection  (all  otter  test  conditions  being  the  same)  to  escape  safely. 

Table  2-2  shavs  the  altitude  specified  in  MIL-S-18471  and  the  minimum 
altitude  requirements  as  determined  by  ICARUS  for  these  5  tests. 

2.2  F-18A  Controlled  Angular  Rate  Study 

2.2.1  Purpose 

At  the  request  of  the  CE,  CSC  conducted  a  stucty  to  determine  the 
difference  in  performance  that  wauld  be  effected  by  having  an  ejection  seat 
remain  upright  and  facing  the  relative  wind  at  all  times.  In  order  to 
force  the  seat  to  remain  v^sright  and  facing  tlie  relative  wind  throughout 
the  ejection,  ICARUS  was  modified  so  that  the  angular  accelerations  would 
always  be  zero. 
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2.2.2 


Test  Conditions 


Four  runs  were  made  to  oorrplete  this  study  -  2  nonml  ejections  and  2 
controlled  ejections.  The  test  conditions  for  the  4  runs  made  are 
shown  in  Table  2-3. 

2.2.3  Results 

To  conpare  the  results  of  the  norml  ejections  with  the  controlled 
ejections,  the  altitude  vs.  dcwnrange  trajectory  and  the  total 
velocity  vs.  time  were  plotted.  Figiore  B.l  in  Appendix  B  shows  the 
results  for  the  400  knot  test;  Figure  B-2  in  Appendix  B  shows  the 
results  for  the  600  knot  test. 

2.3  F-14A  Dual  ^kxie  Ejection  Seat  Study 

2.3.1  Purpose 

The  dual  mode  ejection  seat  was  proposed  as  a  way  to  solve  the  problems 
of  adverse  attitude  ejections.  In  this  system,  a  sensor  would  detect 
the  adverse  condition  (for  example,  an  inverted  attitude)  and  activate 
a  mechanism  which  would  prevent  the  booster  rocket  frcm  igniting.  This 
would  prevent  the  seat  from  being  propelled  into  the  ground  and  enhance 
the  escape  envelope  of  a  given  system. 

To  prove  the  feasibility  of  tte  Dual  Mode  Ejection  Seat,  two  tests  v^re 
conducted  using  an  F-14A  GRU-7  Ejection  Seat.  The  purpose  of  this 
study  was  to  use  ICARUS  to  simulate  these  two  bests,  and  run  4  additional 
tests. 
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SLOCITY  PERCENTILE  ALTITUDE  !  PITCH  ROLL  i  NORMAL/ 

(KEAS)  OCCUPANT  (FT)  ;  (DEG)  (DEG)  |  CCNTr«?LLED 


2  u  u 


o  o  o  o 


o  o  o  o 


14- 


Ttible 


2.3.2 


Test  Caiditions 

Table  2-4  shows  the  conditions  which  were  run  to  simulate  the  actual 
tests  conducted  of  the  Dual  Mode  Ejection  System;  Tcible  2-5  shews  the 
additional  test  conditions  that  were  run,  as  specified  by  NADC. 

2.3.3  Results 

Trajectory  plots  were  made  for  each  best  man.  Figures  C.l  and  C.2 

in  Appendix  C  compare  the  trajectories  generated  by  ICARUS  for 

tests  1  and  1(a);  Figures  C.3  and  C.4  corrpare  the  trajectories  generated 

by  ICARUS  for  tests  2  and  2 (a) ;  Figures  C-5 ,  C-6 ,  C-7 ,  C-8  show  the 

trajectories  generated  by  ICARUS  for  tests  3,  3(a),  4,  4(a)  respectively. 

2.4  TF-18A  Escape  System  Perfonrance  Study 

2.4.1  Purpose 

At  the  request  of  the  CE,  CSC  conducted  a  perfomonance  study  of  the  TF-18A 
Escape  Syston.  The  objective  of  this  study  was  to  determine  an  optimum 
time  delay  between  the  front  and  rear  seat  ejections  to; 

1.  Allow  sufficient  time  to  avoid  rocket  blast  damage. 

2.  Allow  sufficient  spatial  separation  between  the  2  seat/occupant 

systems  to  avoid  collision  and  entanglement  of  parachute  lines. 

2.4.2  Test  Conditions 

CSC  and  NADC  personnel  jointly  defined  29  test  conditions  viiich  were  run 
initially.  These  can  be  considered  in  3  groups  as  shewn  in  Table  2-6. 
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TF-18A  EJECTION  SYSTEM  PERI'OR'-VXNCE  STUDY  PAOT  1 
TEST  COSiDITIONS 
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Table  2-6 


The  first  group  of  cases  (tests  1.1-1.10)  tests  various  initial  conditions 
using  a  .4  second  time  delay  between  front  and  rear  seat  ejections. 

Tests  1.1-1. 3  represent  lew  speed  (0  knot),  medium  speed  (200  knot)  and 
high  speed  (500  knot)  sled  test  tyixj  runs.  Tests  1.4-1.10  v/ere  chosen 
as  a  representative  sample  of  the  22  Escape  System  In  Flight  Perfomvance 
Requirements  Capabilities  Tests  (see  Figure  2-1) . 

The  second  group  of  cases  (tests  1.11-1.20)  tests  the  same  initial 
conditions  as  tests  1.1-1. 10,  but  uses  a  .2  second  time  delay  betv;een 
front  and  rear  seat  ejections. 

The  third  group  of  cases  (tests  1.21-1.29)  tests  all  of  the  possible 
combinations  of  3  percentile  and  98  percentile  occupants,  in  the  front 
and  rear  seats,  for  the  3  sled  test  type  runs  defined  above.  These 
were  run  using  a  .4  second  time  delay  luetoveen  front  and  rear  seat 
ejections. 

All  runs  made  for  the  TF-18A  Ejection  System  Performance  Study  were  nnde  to 
recovery  chute  full  inflation  (unless  inpact  occurred  first) . 

When  this  series  of  runs  was  oortpleted,  NADC  requested  that  a  series 
of  runs  be  made  to  determine  what  effect  having  the  seats  diverge  in 
opposite  directions  has  in  avoiding  a  collision.  Table  2-7  shows  the 
best  conditions  which  were  run. 

NADC  also  requested  that  the  predicted  trajectories  and  spatial  separation 
between  the  front  and  rear  seat/occupant/occupant  alone  systems  be  plotted 
for  the  2  test  cases  shown  in  Table  2-8. 
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TF-18A  EJECTION  SYS^n'.M  PERl'OPJ'raCE  STUDY  -  PART  2 

TEST  CONDITIONS 
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Table  2-7 


TF-18A  PERFOl’JV'iANCE  STUDY  -  P7\RT  3 
TEIST  CONDITIONS 
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To  cortplete  the  TF-18A  Escape  System  .Performance  Study,  requested 

that  the  tests  shown  in  Table  2-9  be  run  ard  the  predicted  trajectories 
plotted. 

2.4.3  Results 

The  possibility  of  collision  bet>;een  the  front  ar»:l  rear  seat/occufx)?'!!./ 
occupant  alone  systems  was  examined  for  the  tests  shewn  in  Tables  2-6 
and  2-7.  The  possibility  of  collision  between  the  rear  seat  and  the 
front  seat/occupant/occupant  alone  system  after  rear  seat/cccupcmt 
separation,  and  between  the  front  seat  and  the  rear  seat/occupant/ 
occupant  alone  system  after  front  seat/occupant  separation  was  examined 
only  for  the  tests  in  Table  2-6. 

To  determine  whether  a  collision  would  occur,  each  ejection  was 
divided  into  3  stages  and  a  separation  envelope  was  defined  around  tiie 
seat/occupant  syston  for  each  stage.  The  separation  envelope  was 
defined  as  a  sphere  whose  center  is  the  C.G.  of  the  seat/occupant 
system  and  whose  radius  is  defined  by  the  stage  of  the  ejection. 

During  the  ROCKET  stage,  from  CATAPULT  IGNITION  to  DROGUE  PROJECTION, 
the  radius  of  the  sphere  was  5  ft;  during  the  DROGUE  stage,  from 
DROGUE  PROJECTION  to  RECOVERY  CHUTE  CONTAINER  OPEN,  the  radius  of  the 
sphere  was  14.5  ft.  (the  length  of  the  drogue  chute  suspension  lines); 
during  the  RECOVERY  stage,  from  RECOVERY  CHUTE  CONTAINER  OPEN  to  RECOVERY 
CHUTE  EULL  INEIATICN,  the  radius  of  the  sphere  was  22.75  ft.  (the  length 
of  the  recovery  chute  suspension  lines) .  The  possibility  of  collision/ 
entanglement  was  acknowledged  if  the  safety  envelopes  of  tlie  two  seats 
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intersected  at  any  tiine.  If  the  spatial  separation  between  the  2  systens 
was  within  +  10%  of  the  defined  safety  envelope,  the  test  was  defined  as 
rtuirginal;  if  the  spatial  sc>v>;iration  between  the  2  systaus  was  more  than 
the  defined  envelope  +  10%,  the  test  was  defined  as  succe.ssful;  if  ti-'- 
spatial  separation  bet.veen  the  2  systensv.’as  less  than  tlic  defined 
envelope  —  10%,  the  test  was  defined  as  a  failure.  For  the  initial 
test  conditioris  in  Table  2-6,  there  were  no  collision  or  entanglement 
problems  found  when  a  .4  second  time  delay  was  used  between  seat 
ejections  (tests  1.1  through  1.10  and  tests  1.21  through  1.29.)  When 
this  time  delay  was  reduced  to  .2  seconds,  a  collision  problem  occurred 
in  each  of  the  test  cases  (tests  1.11  through  1.20) .  Tables  2-10  through 
2-19  show  tl-ie  spatial  separation  data  for  tiie  2  seat/occupant/occupant 
alone  systeTiS  for  these  10  tests.  An  analysis  of  the  spatial  separai.i.on 
between  tlie  rear  seat  and  front  seat/occupant/occupant  alone  and  behveen 
the  front  seat  and  the  rear  occupant,  indicated  that  there  were  no 
collision  problems  in  any  of  tests  1.1  through  1.29. 

Of  the  18  conditions  run  to  test  what  effect  having  the  seats  diverge  in 
opposite  directions  has  in  avoiding  a  collision,  tests  2.1,  2.3,  2.4, 

2.5,  2.6,  and  2.7  were  successful  vhen  the  seats  diverged  in  opposite 
directions,  but  showed  collision/entanglement  problems  when  the  seats 
diverged  in  the  same  direction.  Tables  2-20  through  2—25  shew  the  spatial 
separation  data  for  these  6  tests. 

Trajectory  plots  and  plots  shelving  the  spatial  separation  between  the 
front  and  rear  seat/occupant/occupant  alone  systems  were  generated  for 
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TF-18A  PER[?ORM?\NCE  STODY  -  TEST  1.11 
KEIAR  SEAT:  98  Percentile  FPDNT  SEAT;  3  Percentile 

m 

ALTITODE:  0  Ft.  SINK  RATE:  0  Ft/Sec.  PITGI;*  0  Degrees 


.2  SECOND  DELAY 
VEI/XITY;  0  Knote 
ROLL:  0  Degrees 


Tiine 

Spatial  Sep, 
(Ft) 

Conbinod  Safety 
Err/c]o:xj 
(I^) 

Status 

stage 

Front  Occ. 

2 

Rear  Occ. 

.500 

8.0476 

10.00 

F 

P,oc:ket 
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.522 
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10.00 

M 

P.ockot 

Drogue 

.565  • 

10.9723 

10.00 

M 

Rocket 
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.800 

17.5158 

19.50 

F 

Rocket 

Drcxjuc 

.812 

17.5508 

19.50 
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Rocket 

Drogue 

.836 

17.5511 

19.50 

M 

Rocket 

Drogue 

.837 

17.5496  . 

19.50 

F 

Rocket 

Drogue 

.880 

17.4443 

19.50 
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Rocket 

Drogue 

.900 

17.5128 

19.50 

F 

Rocket 

Drogue 

.904 

17.5433 

19.50 

F 

Rocket 

Drogi.io 

.905 

17.5519 

19.50 

M 

Rocket 

Drogue 

1.000 

20.6148 

29.00 

F 

Drogue 

Drogue 

1.010 

21.1261 

■  29.00 

F 

Drogue 

Drogue 

1.080 

25.7417 

29.00 
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Drogue 

Drogue 

1 . 090 

26.4951 

29.00 

'-1 

Drogue 

Drocrv.o 

1.150 

31.5559 

29.00 

M 

1 

Drogue 

Drogue 

Table  2-10 
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TF-18A  PERFORMANCE  STUDY  -  TEST  X.12 
REAR  SEAT:  98  Percentile  FRONT  SEAT:  3  Percentile 
ALTITODE:  0  Ft.  SINK  RATE:  0  Ft/Sec.  PITOI:  0  Degrees 


.2  SECOND  DELAY 
VEL/XITY:  200  Knots 
ROLL:  0  Degrees 


Tims 

Spatial  Sep. 
(Ft) 

Ccsmloinod  .Safety 
Envelo[X2 

(IT.) 

Statu.--; 

stage 

Front  Occ. 

Rear  CX'c. 

.500 

8.0642 

10.00 
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Rocket 

.521 

8, 9755 

10.00 

F 
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10.00 
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10.00 
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M 

Rocket 
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.840 

18.3646 

19.50 

M 

Rcx:ket 

Drogue 

.875 

18.3390 

19.50 

M 

Rocket 

Drogue 

.900 

18.4119 

19.50 

M 

Rocket 

Drogue 

.999 

21.2450 

19.50 

M 

Rocket 

Drocjue 

1.000 

21.2897 

29.00 

F 

Drogue 

Drogue 

1.080 

25.8524 

29.00 

F 

Drogue 

Drogue 

1.090 

26.5043 

•  29.00 

M 

Drogue 

Drogue  . 

1.100 

'27.1642 

29.00 

M 

Drogue 

Drogue 

1.160 

31.3503 

29.00 

M 

Drajue 

Di'ocjue 

Table  2-11 
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TF-18A  PEI^RMANCE  STUDY  -  TEST  1.13  *2  SECOND  DELAY 


REAR  SEAT:  98  Percentile  FRONT  SEAT:  3  Percentile 


VELOCITY:  500  Knot 


ALTIIUDE:  0  Ft.  SH^IK  RATE:  0  Ft/Sec.  PITai:  0  Degrees  ROLL:  0  Degrees 


Table  2-^12 


TF-18A  PERTORMANCE  STUDY  -  TEST  1.14  *2  SECOND  DEIAY 

REAR  SEAT:  98  Percentile  FRONT  SEAT:  3  Percentile  VELOCITY:  100  Knots 

ALTITUDE:  214  Ft.  SINK  RATE:  33.33  PITCil:  0  Degrees  ROLL;  90  Degrees 

Ft/Sec  ■  , 


Time 

Spatial  Sep. 
(Ft) 

Caibinecl  Safety 
Err/el  O'.x: 

(Ft)‘ 

Status 

Slag 

Front  Occ. 

e 

Roar  CXx. 

.500 
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10.00^ 
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■  8. 9 602 
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M 

h:o:±ct 

Rocko  L 

•  568 
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10.00 

M 

Rocket 

Rocket 

.800 

17.6458 

19.50 

M 

P.oc};;et 

Drogue 

.840 

17.7486 

19.50 

M  ■ 

Rocket 

Drogue 

.868 

17.7303  , 

19.50 

M 

Rocket 

Drogue 

.900 

17.8424 

29.00 

M 

Rocket 

DrcCTUc 

.999 

21.1376 

29.00 

M 

Rocket 

Drogi.iO 

1.000 

21.1880 

29.00 

r 

Drogue 

Drogue 

1.076 

26.0821 

29.00 

F 

Drogue 

Drogue  . 

1.077 

26.1567 

29.00 

M 

Droepje 

DrcxT’JG 

1.100 

27.9058 

29.00 

M 

Drogue 

Drogue 

1.145 

31.8126 

29.00 

M 

Drogue 

1 

i 

Drogua 

Table  2-13 
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PEAR  SEAT: 
ALTIIUDE: 


TF-18A  PEPvFORMANCE  STODY  -  TEST  1.15  .  >2  SECOND  DELAY 

98  Percentile  FRONT  SEAT:  3  Percentile  VELOCITY:  600  Knots 

40  Ft.  SINK  RATE;  40  Ft/Sec  PITCH:  0  Degrees  rqlL;  0  Degirees 


Tima 

Spatial  Sep, 
(Ft) 

Co.'iil’jinc'd  Sa-fety 
LYivelo:x; 

(Ft) 

Sbitus 

Stagf 

Front  Occ. 

Rear  (Xr.c.  ' 

.  500 

8.5190 

10.00 

F 

Itx’kot 

.510 

8.9960 

10.00 

F 

Rocket 

Rod'.ot. 

.511 

9.0446 

10.00 

M 

Rocket  • 

Rocket 

.547 

10.9795 

10.00 

j 

M 

Rocket 

Itocket 

» 

. 

Table  2-14 
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TF-18A  PERFORMANCE  STUDY  -  TEST  1.16  .2  SECOND  DELAY 

REAR  SEAT:  98  Percentile  FRONT  SEAT:.  3  Percentile  VELCCITY:  ].00  Knots 

ALTITUDE:  40  Ft.  SINK  RATE:  33.33  PITCH:  0  Degrees  rqLL:  45  Degrees 

Ft/Sec 


Tiine 

Spatial  Sep, 
(Ft) 

Comioined  Safety 
Envelope 
(Id:) 

Status 

Stag( 

Front  Occ. 

Rcc'ir  Oc:c. 

.500 

8.0791 

10.00 

F 

Rcx:}:et 

Ror!:c:t 

.520 

8.9559 

10.00 

F 

Itocket 

Rovul-et 

.521 

9.0004 

10.00 

M 

Rocket 

Rocj'.,et 

.564 

10.9882 

10.00 

M 

Rcxrket 

Rocj’.ct 

.800 

17.9380 

19.50 

M 

Rocket 

Drogue 

.834 

18.0226 

19.50 

M 

Rocket 

Drogue 

.874 

17.9764 

19.50 

M 

Rocket 

Drogue 

.900 

18.0682 

19.50 

M 

Rocket 

Drognie 

.999 

21.1875 

19.50 

M 

Rocket 

Drog-.’.e 

1.000 

21.2360 

29.00 

F 

Drogue 

Drogrue 

1.077 

26.0902 

29.00 

F 

Drogue 

Drocri’e 

1.078 

■  26.1631 

29.00 

M 

Drogue 

Drogue 

1.100 

27.8029 

29.00 

M 

Drogue 

Dro(:ri,.;e 

1.148 

31.8744 

29.00 

M 

Drogue 

Dixgu.e 

Table  2'«‘15 
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TF-18A  PEH^RMANCE  STODY  -  TEST  1.17  ,  »2  SECOND  DELAY 

PEAR  SEAT:  98  Percentile  FPCKT  SEAT:  3  Percentile  VELOCITY;  130  Knots 

ALTIIUDE;  245  Ft.  SINK  RATE;  0  Ft/Sec  PITCH:  0  Degrees  ROLL;  120  Degrees 


Tire 

Spatial  Sep. 
(Ft) 

Cembined  Safety 
EnvolojX2 
(I-'t) 

S  1.  VIS 

Stage 

Front  Occ. 

Root:  C>:c  . 

.500 

7.9790 

10.00 

F 

Rfx:r'vet 

]k:)ck.ct. 

.523 

8.9632 

10.00 

F 

Rocket 

Rocket 

.524 

9.0063 

10.00 

M 

Rocket 

Rocket 

.568 

10.9851 

10.00 

M 

Rocket 

Rocket 

.800 

17.7513 

19.50 

M 

Rocket 

Drocjue 

.834 

17.8457 

19.50 

M 

Rocket 

Drogue 

.879 

17.7905 

19.50 

M 

Rocket 

Drogue 

.900 

17.8514 

19.50 

M 

Rocket 

Drogue 

.999 

20.8420 

19.50 

M 

Rocket 

Drogue 

1.000 

20.8890 

29.00 

F 

Drogue 

Drogue 

1.084 

26.0958 

29.00 

F 

Drogue 

Drogue  ' 

1.035 

26.1677 

29.00 

M 

Drogue 

Drogue 

1.100 

27.2576 

29.00 

M 

Drogue 

Drogue 

1.160 

31.7309 

29.00 

■ 

j 

M 

Drogue 

Drogue 

Table  2-16 
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TF-18A  PEI^RMANCE  STUDY  -  TEST  1.18 
PEAR  SEAT:  98  Percentile  FRONT  SEAT:,  3  Percentile 
ALTIIUDE:  384  Ft.  SINK  RATE:  0  Ft/Sec  P^CH:  o  Degrees 


.2  SECOND  DELAY 
VELOCITY:  130  P^nots 
ROLL:  180  Degrees 


Tinre 

Spatial  Sep. 
(EH:) 

Combined  Safety 
Envelope 
(Ft) 

Status 

Stag( 

Front  Oec. 

rx 

Rear  Oac, 

.500 

7.9716 

10.00 

F 

R(x:kc5t 

.524 

8.9968 

10.00 

F 

Rocket 

Rcxfict: 

.525 

9.0397 

10.00 

M 

Rocket 

Rcx't'.ct 

.568 

10.9730 

10.00 

M 

Rock.et 

Rocket 

.800 

17.7435 

19.50 

Rocket 

Drogue 

.834 

17.8375  ■ 

19.50 

M 

Roci'.et 

Dro:jue 

.880 

17.7673 

19.50 

M 

Rocket 

Drocjue 

.900 

17.8185 

19.50 

M 

Rocket 

DrogiiG 

.999 

20.6898 

19.50 

M 

Rocket 

Drocjue 

1.000 

20.7349 

29.00 

F 

Drogue 

Drogue 

1.080 

25.5585 

.  29.00 

F 

Drogi-ie 

Dirogi’.o 

1.090 

26.2746 

29.00 

M 

DrO';jue 

Drocjuo 

1.160 

31.6069 

. 

29.00 

M 

Drogue 

IDrexTuo 

9 

•  ■ 

Table  2-17 
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2  SECOND  DELAY 


TF-18A  PERFORM7\NCE  STUDY  -  TEST  1.19 
PEAR  SEAT:  98  Percentile  FRONT  SEAT;  3  Percentile  VELOCITY;  130  Knots 

ALTITUDE:  55  Ft.  SINK  RATE:  50  Ft/Sec  PITOSI: -15  Degrees  ROLL:  0  Degrees 


Table  2-18 
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TF-18A  P^n^IMVNCE  STUDY  -  TEST  1.20  . 
REAR  SEAT:  98  Percentile  FRONT  SEAT:  3  Percentile 
ALTITUDE:  20  Ft.  SINK  RATE:  20  Ft/Sec  PriCIh-S  Degrees 


.2  SECOND  DELAY 
VELOCITY;  130  Knots 
ROLL;  0  Degrees 


Time 

Spatial  Sep. 
(Ft) 

Combined  Safety 
LYiveloiX2 
(Id:) 

Status 

Stegc 

Front  Occ. 

Roar  Oc:c. 

.500 

8.0501 

10.00 

F 

r^ocket 

Rocl'.ot 

.521 

8.9620 

10.00 

F 

Rocket 

Rocket 

.522 

9.0060 

10.00 

M 

I^ock.et 

Rocket 

.565 

10.9707 

10.00 

M 

Rocket 

Rock.ot 

.800 

17.8581 

19.50 

M 

Rocket 

Drogue 

.830 

17.9331 

19.50 

M 

Rocket 

Drogue 

.881 

17.8419 

19.50 

M 

Rocket 

Drogue 

.900 

17.8914 

19.50 

M 

Rocket 

Drogue 

.999 

20.7008 

19.50 

M 

Rocket 

Drogue 

1.000 

20.7455 

29.00 

F 

Drogue 

Drogue 

1.080 

25.5732 

29.00 

F 

Drogue 

Drogvie  ■ 

1.090 

26.2794 

29.00 

M 

Drogue 

Drogue 

1.160 

31.6122 

29.00 

t 

M 

Drogue 

Drogue 

Table.  2-19 
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TF-18A  PERFORMANCE  STUDY  -  TEST  2.1b  SECOND  DHAY 

INITIAL  VELOCITY:  0  Knots  •  BOTH  SEATS  DIVEI^  LEIT 

REAR  SEAT:  98  Percentile  FROiTT  SEAT:  3  Percentile 


Tiire 

S£)atial  Sep. 
(Ft) 

Ccnibincd  Safety 
EiT'/gIo^xj 
(FT:) 

Status 

Stage 

Front  Occ. 

Rc'ur  Ccc. 

1.260 

31.7352 

29.00 

M 

Drogue 

Drcxnjo 

1.300 

30.8540 

29.00 

M 

Dro'eue 

Dr“C>';t:e 

1.400 

28.6720 

29.00 

M 

Drogue 

DrcxTiic 

1.500 

26.8021 

29.00 

M 

Drogue 

Di'c'xjMe  ■ 

1.590 

26.0540 

29.00 

F 

Drogue 

D  raj  lie 

1.600 

26.0097 

29.00 

F 

Drogue 

Drojue 

1.700 

25.3834 

29.00 

F 

Drogue 

Drocjue 

1.750 

25.2633 

29.00 

F 

Drogue 

Drocjue 

1.800 

25.7080 

37.25 

F 

Drogue 

ReccA'-eJO/ 

1.900 

27.1959 

37.25 

F 

Drogue 

Recovery 

2.000 

28.7803 

37.25 

F 

Drogue 

Recovery 

2.100 

31.3714 

•  37.25 

F 

Drogue 

Recovery 

2.165 

33.5461 

37.25 

M 

Drocjue 

Recovery^ 

2.199 

34.6917 

37.25 

M 

Drogie 

Rccovor\' 

2.200 

34.7240 

45.50 

F 

Recovery 

RGCo\''ory 

2.300 

38.0322 

45.50 

F 

Recover^’' 

Recovery^ 

2.400 

40.8876 

45.50 

F 

Recovery 

ReccA’ery 

2.403 

40.9653  ; 

45.50 

M 

Recovery 

Recovery 

2.500 

43.5181 

45.50 

M 

Recovery 

Recovery 

2.600 

46.3944 

45.50 

M 

Recovery 

Recovery 

2.690 

49.7587 

45.50  ' 

M 

Recovery 

Recovery 

Table  2-20 
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4  SECOND  DELAY 


TF-18A  PEm^DRMANCE  STUDY  -  TEST  2.3b 
INITIAL  VELOCITY:  0  Knots  BOrU  SLY\TS  DIVERGE  LEPI 

KET-R  SEAT:  98  Percentile  FRDtTT  SEAT:  98  Percentile 


TiiTie 

Spatial  Sep. 
(Ft) 

Canljincd  Safety 
EiT/el.OjXi 
(Ft) 

SUitus 

Stag< 

Front  Occ. 

Rear  Oc;c . 

1.800 

33 . 0114 

37.25 

]■ 

Drrx'jno 

Kecovery 

1.900 

31 . 6953 

37.25 

F 

Drocjue 

Recovery 

2.000 

30.3890 

37.25 

I' 

DrexTue 

Recovery 

2.100 

29.1283 

37.25 

F 

Drogue 

Recovery 

2.200 

27.8490 

45.50 

F 

Recovery 

Recover^^ 

2.300 

26.6307 

45.50 

F 

Recovery 

Recovery 

2.400 

25.8097 

45.50 

F 

Recoveiy^ 

Recovery 

2.500 

25.1203 

45.50 

F 

Recovery 

Recovery 

2.600 

24.6380 

45.50 

F 

Recoveiy^ 

Recovoiy 

2.700 

24.4167 

45.50 

F 

Recovery 

Recovery 

2.800 

23.4897 

45.50 

F 

Recovery 

Recovoiy 

2.900 

21.5336 

45.50 

F 

Recover^'' 

Recovery 

3.000 

19.3272 

45.50 

F 

Recoveio,^ 

Recovery 

3.100 

17.1574 

45.50 

F 

Rocoverv 

F^ecovory 

3.200 

15.1453 

45.50 

1" 

Recover\' 

Recovery 

3.300 

13.9408 

45.50 

F 

Rocoveiy' 

Recovery 

3.400- 

13.0346  ; 

45.50 

F’ 

I'ccoveiy- 

Pecover\'  , 

3.500' 

12.2034 

45.50 

F 

Recovery 

Itecovcry' 

3.600 

11.4625 

45.50 

F 

Recovery 

Recovery 

.3.700 

10.8287 

45.50  ! 

F- 

Recover^'' 

Recovery’' 

3.800 

10.3207 

45.50 

F 

Recover^' 

Recovery 

3.900 

9.9568 

45.50 

F 

Recovery 

Recovery 

4.000 

9.7517 

45.50 

F  ■ 

Recovery 

Recovery' 

4.100 

9.7136 

45.50 

F 

Recovery 

Recover\' 

4.180 

9.8046 

45.50 

F 

Recovery 

Recovery 

Table  2-21 
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U)  OJ  Oj  OJ  to  OJ  OJ  OJ  OJ 


TF-18A  PERFORMANCE  STUDY  -  TEST  2.4b  *4  SECCM)  DEI^Y 

INITIAL  VELOCIIY:  0  Knots  K/fU  SEATS  DIVERGE  LEPI 

REAR  SEAT:  3  Percentile  FRDiff  SEAT:  3  Percentile 


Tiro 

spatial  Sep. 
(Ft) 

Corabi.ncd  Safety 
EnveloTXJ 
(Ft) 

Status 

Stag* 

Front  Occ. 

Rear  Fee. 

1.800 

40.6662 

37.25 

,M 

Rcco\ 

1.900 

39.4378 

37.25 

M 

Drogue 

Recox’cry 

2.000 

38.1737 

37.25 

M 

Drcxjuc  • 

Recoa'oiry 

2.100 

36.8729 

37.25 

M 

DrogT..3G 

Recovciry 

2.199 

35.6291 

37.25 

M 

Drogue 

Recovery 

2.200 

35.6187, 

45.50 

F 

Recovery 

Recoi'ery' 

2.300 

34.2925 

45.50 

F 

Recovery' 

Recovery 

2.400 

33.2325 

45.50 

F 

Recovery 

Recovery' 

2.500 

32.4424 

45.50 

F 

Recovery' 

Recow'ry 

2.600 

31.9669 

45.50 

F 

Recovery 

Recovery/ 

2.700 

31.7284 

45.50 

F 

Recovery' 

Reco\\.noy 

2.800 

31.5089 

45.50 

F 

Recovery 

Recovery 

2.900 

31.3027 

45.50 

F 

Recovery' 

Recovery' 

3.000 

30.8549 

45. 50 

r’ 

Reco'ery' 

llocovcry 

3.100 

29.1850 

45.50 

F 

Recoveiy' 

Recovery 

3.200 

27.4376 

45.50 

F 

Recovery' 

Reco\'cry 

3.300, 

25.8733  ; 

45.50 

F  • 

Reco\'cry 

Recow.-ry 

3.400 

25.2752 

45. 50 

F 

Recovery 

Recovery 

3.500 

24.8996 

45.50 

F 

Recovery 

Recoveryy 

■  3.600 

24.2190 

45.50 

F-  ■ 

Recover'^' 

Recovery' 

3.700 

22.9681 

45.50 

F 

Recovery 

Recovery' 

3.800 

21.7289 

45.50 

F 

Recovery 

Recovery 

3.900 

20.3327 

45.50 

F  ' 

Recovery 

Recovery 

3.910 

! 

20.1865 

45.50 

F 

Recovery 

Recovery' 

Table  2-22 
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TF-18A  PERFORMANCE  STLDY  -  TEST  2.5b  .4  SECOND  DELAY 

INITIAL  VELOCITY:  100  Knots  BaiH  SEATS'  DIVETO:  LEIT.’ 

PEAR  SEAT;  98  Percentile  FROi-TT  SEAT:  3  Percentile 


TItg 

SjXitial  Sop. 
(Ft) 

Carbincrl  Safety 
Envelojx} 

(Ft) 

Status 

stag 

Front  Ccc. 

e 

Rear  Oac. 

1.243 

31.8937 

29.00 

M 

Drajjc 

Drojuo 

1.300 

30.3800 

29.00 

M 

Dl'CXjUG 

Drc:)c[ut> 

1.400 

27.6650 

29.00 

M 

Di'ogue 

Droiue 

1.457 

26.0922 

29.00 

F 

Drogue 

Drcxjiie 

1.500 

25.2229 

29.00 

F 

Drogue 

Drocfue 

1.600 

23.4742 

29.00 

F 

Drogue 

Drexjue 

1.700 

21.8466 

29.00 

F 

Drogue 

Drogue 

1.800 

21.4150 

37.25 

F 

Drogue 

Recovery 

1.900 

21.6784 

37.25 

F 

Drofue 

Recovery 

2.000 

22.5313 

37.25 

F 

Drogue 

Recov^ery 

2.100 

23.8347 

37.25 

F 

Dirog^je 

Recovciy 

2.200 

25.6116 

45.50 

F 

Reco\'ery 

Pveco\'erY 

2.300 

27.6833 

45.50 

F 

Reco\^erv 

Recovery 

2.400 

28.8147 

45.50 

I- 

Recover^^ 

Recovery 

2.500 

30.1283 

45.50 

F 

Recovery 

RecC''veLy 

2.600 

31.2942 

45.50 

F 

RecoYer\’ 

Recowry 

2.700 

33.0725; 

45.50 

1- 

l^Gco\^eiY  . 

I-toco\'eiy 

2.800 

36.2791 

45.50 

F 

Recover^^ 

Recovery 

2.900 

39.7518 

45.50 

F 

Recover^'^ 

Recovery 

2.940 

41.2526 

45.50 

M 

Recover^' 

Recovery' 

3.000 

43.6095 

45.50 

M 

Recover^’ 

Reco\-eiy 

3.100 

47.6679 

45.50 

M 

Recovery 

Recovery 

3.173 

50.0393 

45.50 

M 

Recovery' 

1 

Recovery 

Table  2-23 
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TF-18A  PERPOraWICE  STUDY  -  TEST  2.6b  .4  SECOND  DELAY 

INITIAL  VELOCITY:  150  Knots  DOTH  SEATS  DIVELCE  LEITT 

REAR  SEAT:  98  Percentile  FROOT  SEAT:  '  3  Percentile 


Tiria 

Spatial  Sop. 
(Ft) 

CoTibined  Safeb/ 
Envoi  o:  >3 
(Ft) 

Status 

Str'KJ 

Front  Occ. 

e 

Rear  Occ.  ' 

1.263 

31.8893 

29.00 

M 

Drogue 

Drogue 

1.300 

30 -  Oo  1)9 

29.00 

M 

Drcx-]uc 

L)]a  a]  uO 

1.400 

28.0593 

29.00 

l\ 

Urexjue 

1.468 

26.0779 

29.00 

F 

Drogue 

DrofU(.> 

1.470 

26.0299 

29.00 

F 

Drogue 

DroQiiG 

1.500 

25.4282 

29 . 00 

■F 

Drogue 

Drogue 

1.600 

23.1339 

29.00 

F’ 

Drogue 

Drogue 

1.700 

20.4691 

29.00 

F 

Drogue 

Drogi.ie 

1.800 

18.0257 

37.25 

F 

Drajue 

Recovery 

1.900 

14.8552 

37.25 

■  p 

Drogue 

l\GCC'A*Gir\' 

2.000 

11.2782 

37.25 

F 

Drogue 

Recovery 

2.100 

8.1744  • 

37.25 

F 

Drocjue 

Recovery' 

2.200 

5.4353  • 

45.50 

F 

Recover^^ 

RTgeovery 

2.300 

3. 8551 

45.50 

F 

Recover;/ 

Recovery 

2.322 

3  •  8  2  ib 

45.50 

■  F 

Rocoveiy 

Recovery 

2.400 

4.2157 

45.50 

F 

Recovery 

Recovery' 

2.500 

5.4972 

45.50 

F 

Reco\'ery 

IbK'ovory 

■  2.600 

9.0702 

45. 50 

Recoveio' 

i  b/  cover y 

2.700 

14.2144 

45,50 

F 

Recovery- 

Recovery 

2.800 

19.7222 

45.50 

■  F 

Recovery 

Recovery 

2.900 

26.4810 

45.50 

F 

Recovery 

Recovery- 

3.000 

31.7508 

45.50 

F 

Recovery-' 

Recovery 

3.095 

35.0442 

45.50 

F 

' 

Recovery 

Recov'ery' 

Table  2-24 
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ro  to 


4  SECOND  DELAY 


TF-18A  PERFORMANCE  STUDY  -  TEST  2.7b  . 


INITI7\L  VELOC ITY :  200  Knots 

PEAR  SEAT:  98  Percentile  ’ 


^ni  SEATS  DIVERGE  LEFT 
FROOT  SEAT:  3  Percentile 


Tirrva 


1.380 

1.400 

1.500 
1.600 

1.700 
1.800 
1.828 
1.900 
2.000 
2.100 
2.200 
2.300 
2.310 

2.400 

2.500 
2.600 

2.700 
.764 
.  800 

2.886 


Spatial  Sep. 
(Ft) 


31.7667 

31.3723 

29.7238 

28.9720 

28.2418 

27.9625 

27.9439 

27.9949 

28.1723 

28.2766 

28.2558 

27.9212 

27.9084 

28.4746 

30.5993 

33 . 5366 

37.4586 

40.9897 

43.4467 

50.0054 


Caabined  Safety 
Envclo[xi 
(Ft) 


Statas 


St^jge 


Front  Occ. 


29.00 

29.00 

29.00 

29.00 

29.00 

37.25 

37.25 

37.25 

37.25 

37.25 

45.50 

45.50 

45.50 

45.50 

45.50 

45.50 

45.50 

45.50 

45.50 

45.50 


M 

M 

M 

M 

M 

F 

F 

F 

F 

F 

F' 

F 

F 

F 

F 

F 

.F 

M 

W 

M 


Drrxjne 

Di'Oii  lo 

Drocjno 

Drogue 

Dirogne 

Drogue 

Drogue 

Drogue 

Drogue 

Drogxie 

Recovery 

Recover^^ 

Recovery 

Recovery 

Recoverx' 

RecoverA" 

Recovery 

Reco\^er\' 

Recovery 

Recovery 


Rear  Occ. 


Dj:o(:|ug 

Di-ogae 

Dro  rae 

Drogue 

Drog'uc? 

Recovery 

Recovery 

Recovery 

Recovery 

Rtjco'/ory 

Recovery 

Recovery 

Recover^' 

Recover.' 

Recovery 

Rccovojg' 

Recovery' 

P.ero'.vaA' 

Recovery 

Recovery 
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tests  1.1  through  1.29  cind  can  be  found  in  Appendix  D,  Figures  D-1 
through  D-58.  Plots  shcv/ing  the  spatial  separation  between  tlie  rear 
seat  and  front  seat/occurxant/oc:cu[xint  alone  syston  after  rear  seat/ 
occupant  separati-on  <and  Ixstv.'ocn  tlie  front:  seat  and  rear  o<.::cupnnt 
after  front  seat/occupant  se|jaration  can  be  found  in  Apiaerxiix  D 
Figures .  0-59  tlirough  D-.10G.  Figures  I>-.1.07  through  D-142  show  the  s;tit 
se[xaration  between  the  front  and  rear  soat/occupant/pccurxant  alone  s\'s 
for  tests  2.1  through  2.18. 

The  predicted  trajectories  and  the  spatial  separation  plots  for  bests 
3.1  and  3.2  are  shown  in  Figures  D-143  tlrrough  D-146.  The  predicted 
trajectories  for  tests  4.1  through  4.6  are  sho.m  in  Figures  D-147 
thorough  D~152. 
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3.0 


ICARUS  PROGRAf^  MODIFICATIONS 


Based  on  the  experiences  of  CSC  task  i'x;rsonnel  in  using  tlie  ICARUS 
Program,  it  was  suggestecJ  to  I,SI’,D  personnel  tliat  the  methal  of:  inputting 
data  to  tJie  program  te  modified.  Ihese  modifications  simplify  tiie  input 
data  procedure,  within  the  limits  of  the  program,  tJurs  making  the  ICARUS 
Program  easier  to  use  and  reducing  tlie  possibility  of  input  delta  errors. 
The  CE  agreed  to  a  simplified  IC^vRUS  Program  input  procedure  and  tliis  was 
implemented  as  described  in  Section  3.1. 

While  conducting  the  studies  outlined  in  Section  2,  tlae  following 
problems  were  discovered  in  tlie  ICARUS  Program: 

1.  Initialisation  of  conditions  at  catapult  ignition  v.as  not 
always  correct. 

2.  The  program  could  not  correctly  calculate  tiie  tine  for 
RISER  LINE  STRETCH. 

3.  Euler  angles  were  wrong  after  ROCKET  IGNITION. 

4.  Acceleration  data  output  in  the  SUMMARY  REPOOT  was  wrong. 

5.  The  program  aborted  with  a  Mach  Limit  error  for  no  apparent 
reason. 

6.  The  program  often  terminated  because  of  non-convergence. 

7.  The  program  required  WORD  and  DART  inputs  (Stencel  seat 
variables)  in  order  to  run  cases  vdiich  do  not  need  them. 

8.  The  program  sometiites  aborted  with  CPU  errors. 

9.  The  program  could  not  handle  ROCKET  BURNCOT  and  DROGUE 
EXTRACncN  happening  simultaneously. 
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10.  file  generated  for  plotting  contained  too  many  points, 
and  the  number  of  points  depended  upon  the  integration 
stop  sizes  used  (v^Jiich  can  van,'  from  run  to  nm) .  Thi-S 
was  not  only  rostly,  but  nade  it  difficult  to  plot  the 
output  from  2  runs  together. 

11.  Tlye  I  STOP  flag,  v;hen  set,  caused  ti'ie  prajram  to  run 
indefinitely.  It  should  cause  tiie  prajrcm  to  terminate 
at  occupant  alone  impact. 

12.  Tlie  data  generated  after  RECOVERY  CHUTE  EUT-EY  OPE\TiD  was 
erroneous . 

13.  Tlie  program  did  not  always  handle  seat/occup£int/occupant 
alone  imj^act  correctly. 

a.  Souetines  it  gave  a  non-convergence  message,  meaning 
teat  it  could  not  find  YPOS  =0. 

b.  Semetimes  it  aborted  with  a  CPU  error. 

c.  In  one  run,  it  found  RECOVERY  CHUTE  EULLY  OPENED  .07 
seconds  after  impact,  with  YEOS  =  -.76321  ft. 

14 .  In  report  3  (position  data) ,  meaningless  seat  alone  data 
was  printed  after  seat  alone  impact. 

15.  The  program  did  not  handle  the  aircraft  equations  correctly 
after  occv;pant  impact. 

The  CE  requested  that  problems  1-9  be  corrected  before  further  studies 
would  be  initiated;  problem  10  was  to  be  corrected  on  a  time-permitting 
basis.  Since  the  program  is  normally  only  run  to  RECOVERY  CHUTE  ETILLY 
OPENED,  and  since  seat  data  is  not  normally  tracked,  problems  11-15  were 
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ignored.  CSC  corrected  problons  1-10  as  outlined  in  Section  3.2.  In 
addition,  CSC  irade  further  modifications  both  to  correct  other  problems 
tl:iat  tecanie  apparent  while  correcting  tlie  first  sot  of  problems,  and  to 
reduce  the  cost  of  running  ICAIUJS.  These  additional  nrxiifications  arc 
outlined  in  Section  3.3. 

3 . 1  Simplif i.cation  of  tl'ie  Input  Procedure 

The  IC/dRUS  progr£-m  input  data  was  originally  contained  on  a  default  data 
file,  an  update  data  file  cind  a  seat/occupant  aerodynamic  coefficients 
data  file.  The  default  data  file  consisted  of  flags  eind  data  values 
only,  with  no  indication,  except  sequence,  as  to  wliich  variable  the 
values  applied.  'Tlie  u:xiate  data  file  consisted  of  one  or  r.cre  lines, 
with  each  line  containing  a  variable  name  and  tiie  associated  value. 

After  tlie  ICARUS  Program  read  aiid  stored  the  data  from  tlie  default 
data  file,  the  update  data  file  was  read  and  each  specified  variable 
was  reassigned  the  value  defined  by  tlie  update  data  file.  Tliis  method 
of  handling  tlie  input  data  involved  tlie  use  of  subroutines  ACT,  BLKDAT, 
CONVT,  DEFAULT,  EInTCASE,  IbWT,  PTDFLT,  TABCONL,  TABCl^S,  TBLRD,  UPDIC, 
and  UPINTG.  In  addition,  the  units  of  the  default  data  file  were  not 
consistent. 

The  concept  of  a  default  data  file  and  an  i:pdate  data  file  was  eliminated 
and  replaced  vath  a  single  input  data  file.  This  file  retained  the  same 
peiran^ter  seqroice  as  the  default  data  file  but  provision  was  made  for 
inclining  the  variable  name  with  each  value  so  that  a  particular  parameter 
could  be  readily  found  and  changed. 
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The  input  file  is  divided  into  14  logical  sections  and  15  tables. 

A  header  line  was  added  to  each  section  £ind  table,  which  defines  the 
section  number  and  tlie  nurrber  of  items  in  tiie  section,  or  the  teble 
nriime  euid  tlie  numter  of  iX)ints  in  tlie  bible.  All  input  data  units 
v;ere  standardized  to  feet,  seconds,  pounds,  degrees,  G's  and  si.ugs. 

Subroutines  DEFAJLT,  PIDFLT,  UPDEC,  and  LTPIOTG  were  eliminatec'i.  Ibe 
functions  performed  by  subroutines  BLKDAT,  CONVT,  INlJfJT,  TADCONL,  TABCJ^S, 
and  TBLRD  were  replaced  by  subroutines  BLOCK,  CCfLSTAN,  INPUT,  TABLE, 
and  TIMEX.  Subroutines  ACT  and  ENDGaSE  were  retained  with  minor 
modifications. 


3.1.1  Description  of  the  Simplified  Input  Data  Subrouti-nes 

The  input  procedure  is  controlled  by  the  main  program  ICARUS  which  calls 
sui^routine  EXECUT.  Subroutine  E'lECUT  tiien  calls  subroutines  CONSTAN, 
INPUT  and  TIMEX  as  required.  Subroutine  INPUT  calls  subroutine  BLOCK, 
TABLE,  ACT,  and  K'CXASE  when  needed.  ■ 

3. 1.1.1  Subroutine  CCNSTAN 

This  subroutine  is  called  by  subroutine  EXEOUT  and  sets  the  constant 
parameters  used  by  the  program. 

3. 1.1. 2  Subroutine  INPUT 

This  subroutine  is  called  by  subroutir^  EXECUT  and  calls  subroutines 
BLOCK,  TABLE,  ACT,  and  ENDCASE  as  needed.  The  reading,  storage  and 
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printing  of  the  data  contained  in  the  input  file  are  controlled  by  this 
subroutine.  All  input  data  with  units  of  degrees  are  converted  to 
radians  by  this  subroutine. 

3. 1.1. 2.1  Subroutine  BI/XK 

This  subroutine  is  called  by  si±>routine  INPUT  and  reads,  stores  and  prints 
the  data  contained  in  the  14  sections  of  the  input  file. 

3. 1.1. 2. 2  Subroutine  TABLE 

This  subroutine  is  called  by  subroutine  INPUT  and  reads,  stores  and 
prints  the  data  contained  in  the  15  tables  of  the  input  file. 

3. 1.1. 2. 3  Subroutine  ACT 

This  subroutine  is  called  by  subroutine  INPUT  and  reads,  stores,  and 
optionally  prints  the  data  contained  in  the  seat/occxipant  aerodynamic 
coefficients  file. 

3. 1.1. 2. 4  Subroutine  ENDCASE 

This  subroutine  is  called  by  subroutine  INPUT  after  the  input  file  has 
been  read  and  checks  for  illegal  iiput  values. 

3. 1.1. 3  Subroutine  TIMEX 

This  subroutine  is  called  by  si±routine  EXEXITT  viien  the  simulation  has 
been  ccnpleted  and  it  coiputes  and  prints  the  elapsed  Central  Processor 
Time. 
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3.1.2 


Description  of  the  Siitplified  Input  Data  File 
Figure  3-1  illustrates  the  sirtfilified  input  data  file  format.  The 
first  line  rrcjst  contain  the  word  START  in  the  first  5  columns  and  the 
last  line  must  contain  the  word  STOP  in  the  first  4  columns.  If  the 
last  line  is  not  the  v/ord  STOP,  the  ICARUS  program  v;ill  attemf^t  to  read 
another  corrplete  input  file.  Tiierefore,  any  numter  of  ruas  can-  te 
made  with  a  single  input  data  file  structured  as  follows: 

START 

(Data  for  Run  1) 

START 

(Data  for  Run  2) 

START 

(Data  for  Run  N) 

STOP 

The  second  and  third  lines  are  reserved  for  a  descriptive  run  title 
with  each  line  being  80  chairacters  long. 

The  next  19  lines  contain  the  run  option  flags.  These  are  entered  as 
4  parameters  per  line,  except  for  INT(29) ,  INT(30) ,  and  ipFLT,  ITABP 
which  are  entered  as  only  2  paraireters  per  line  and  IRS'?  (33) ,  IRS'?  (34) , 
IRa'?(35)  which  are  entered  as  3  parameters  per  line  as  shewn  by  Figure  3-1 
The  flag  names  must  be  8  characters,  including  trailing  blanks,  and 
are  entered  in  columns  1-8,  21-28,  41-48,  and  61-68.  The  flag  values 
are  entered  right  justified  in  columns  9-10,  29-30,  49-50,  and  69-70. 

Following  the  flags  are  the  14  data  sections .  Each  section  has  a  header 
line  which  defines  the  section  sequence  number  (1-14 . in  ascending  order) 
and  the  number  of  itans  in  the  section.  The  w'ord  SBCTICXSI  must  be  in  the 
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2  Points 

.  0 . 0  C'  9 

500.0 

2.736 

P.736 

TABLE  CD'.'iRD 

contains 

?  POINTS 

-0.(' 

-0.0 

-i.o 

-0.0 

TABLE  TWRD 

CONTAINS 

2  Points 

-O.C 

-0,0 

-0.0 

TABLE  VEBR 

CONTAINS 

8  POINTS 

0,0 

0.0 

c.c 

0.0 

n'.o  0,0 

0.0  1.' 

:)288887  3.53''88A7 

0.0 

1.9288».8  7.  3.5286867 

0.1hS^333  0.r*?B3T5  -  j  .  1 -0  ,  t  ^'‘>^3  3  -0.145833 

AEROOYMAmIC  COLTflclrMTS  riLF  C^tlTAinS  \?.  TaRlFS 

CXS  I 

CYf,  2 


FIGURE  3-1  (COtraiCIED) 
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CZS  3 

CLS  ^ 

CMS  5 

CNS  6 

CXM  ?l 

CYM  PP 

C7M  ?3 

CLM 

CMM 

CNJM  Pb 

STOP 


FIGURE  3' 


-1  (CCMTINUED) 
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first  7  columns  and  tlie  section  sec^ence  number  is  entered  (integer,  right 
justified)  in  columns  9-10.  The  number  of  items  is  entered  (integer, 
right  justified)  in  colxmns  21-23.  The  section  data  is  entered  as 
3  items  per  line  until  the  number  of  items  specified  has  been  entered. 

The  parameter  names  must  be  7  characters,  including  trailing  blanks, 
and  are  entered  in  columns  1-7,  31-37,  and  61-67.  The  parairete'r 
values  are  entered  as  real  numbers  in  columns  8-20,  38-50,  and  68-80. 

After  the  14  sections,  tlere  are  15  tables.  These  tables  must  be  entered 
in  the  follOvving  sequence:  TCL,  TCR,  TLR,  TRR,  CDC,  CNDC,  CTDC,  CISTRC, 

CTPC,  TDGFFI,  TRSRLS,  TRLSFI,  CDWRD,  TWRD,  and  VCSB.  Each  table 
contains  a  header  line  which  defines  the  table  name  cind  the  number  of 
points  in  the  table.  A  point  consists  of  an  independent  and  a  dependent 
variable,  except  for  the  VCSB  table  where  a  point  consists  of  3  coordinates. 
The  word  TABLE  must  be  in  the  first  5  columns;  the  table  name  is  7 
characters  including  trailing  blanks  in  columns  7-13.  The  number  of  points 
is  entered  (integer,  right  justified)  in  columns  24-26.  The  table  ^  ^ 
independent  variable  values  are  then  entered,  as  real  numbers,  8  values 
per  line,  in  columns  1-10,  11-20,  21-30,  31-40,  41-50,  51-60,  61-70,  and 
71-80,  until  tlie  specified  number  of  points  has  teen  entered.  The 
dej^dent  variables  cire  then  entered  in  the  saiiE  format  on  the  follov'dng 
lines. 

Finally,  following  the  last  table,  tire  seat/occupant  aerodynanric  coefficient 
file  size  is  defined  by  a  header  card  specifying  the  number  of  aerodynamic 
coefficient  tables  (columns  40-41,  integer,  right  justified)  that  are 
ccntained  in  tte  file.  The  subsequent  lines  contain  the  aerodimamic 
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coefficient  table  names  (7  characters  including  trailing  blanks  in 
columns  1-7),  and  the  table  setjuence  number  (integer,  right  justified) 
in  columns  8-10.  Tlicse  lines  are  repeated  until  tlie  specified  number 
of  aerodynamic  coefficient  tables  has  been  entered. 

The  very  last  line  in  the  input  file  must. contain  the  word  STOP  in 
the  first  4  columns. 

3.2  Modifications  Made  to  Correct  Probloms 

Each  of  the  10  problems  that  were  corrected  as  requested  by  the  CE 
is  listed  belw  with  an  e:•cpl^xnation  of  the  cause  or  causes  and  the 
modifications  made  to  correct  the  problem. 

3.2.1  Correct  the  Initialization  of  Conditions  at  Catapult  Ignition 
This  problem  \sas  to-.ofold.  First,  the  initial  seat/occupant  acceleration 

corponents  were  calculated  incorrectly.  Secondly,  the  call  to  subroutine 
PRCXJr,  \liich  prints  tire  output  reports,  was  made  before  the  initial 
values  (that  is,  the  data  at  catapult  ignition)  was  calculated. 

Subroutine  INIT  was  modified  to  calculate  the  initial  acceleration  components 
using  the  EPCS  to  aos  direction  cosine  transformation  matrix  ASE; 
subroutine  EXBCOT  was  modified  to  call  PROCJT  at  the  proper  tiire  (after 
the  call  to  INIT) . 

3.2.2  ^fc)dify  the  Program  to  Determine  tire  Time  for  RISER  LINE 
STRETCH  by  Interpolating  from  a  Table  of  Input  Variables 

The  table  shown  in  Table  3-1  w'as  implemented  in  ICARUS  to  determine  tire 
time  of  RISER  LINE  STRETCH  based  on  the  seat/Occipant  velocity  at 
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VELOCITY  AT  ■ 
_ (FT/SID 


TIME  FRQM 
siLYa\r.E  ro.E/vSE 
TO  III  SLR  I,TIJE  STOI/ntlH 


0 

50 

100 

150 

200 

250 

300 

350 

400 

450 

500 


2.409 

1.658 

1.111 

.734 

.497 

.367 

.313 

.305 

.303 

.288 

.220 


TABLE  3^1 
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shackle  release.  The  values  in  this  table  vere  obtained  from  test  data 
gathered  at  the  Nava],  Wea^jons  Center  (MVC)  and  tlie  Naval  Parachute 
Testing  Pange  C.TT’R)  for  the  F-18A  Aeroconical  Parachute.  Tliir;  t^ible 
can  be  easily  rrcxlified  if  additional  data  is  received  or  if  a  cli.ffcront 
parachute  is  to  te  rrodeled.  RISER  LINE  STI^TCII  can  be  forced  to  occuj: 
at  a  srxjcific  ti”'e  by  setting  all.  of  the  tires  in  the  t'i!:)lo  to  the 
desired  value.  Sul^routine  STATUS  was  modified  to  implenont  this  table. 

3.2.3  Correct  the  Prociram's  Calculations  of  Euler  Angles  During 

Catapult  and  Rocket  Stages 

Several  irodificationa  were  made  to  the  program  to  correct  this  problem, 

3. 2. 3.1  P-'/namic  C.G.  Equations 

The  equations  to  stmulate  tie  dynamic  C.G.  movemant  of  the  seat/occuvx'int 

system  during  the  early  stages  of  the  ejection  were  inpleraented 
incorrectly,  mixing  forces  and  accelerations,  as  follows: 

Ax(t)  =  X  +  (Cx)  X  +  F{x) 

Ay(t)  =  y  +  (Cy)  y  +  (Sy)  y 

•  •  •  « 

Az(t)  =  z  +  (Cz)  z  +  F(z) 

The  motion  of  the  C.G.  as  calculated  hy  these  equations  affected  the 
rotation  of  the  seat/occupant  system.  These  equations  were  reformulated 

and  inplenented  in  siiaroutine  CENGRV.  The  correct  equations  are: 

•  «  • 

Ax{t)  =  -  X  -  cx  (x/m)  -  F(x)/nn 

Ay{t)  =  y  -  cy  (y/m)  -  (S^Oy/m 

•  •  • 

Az(t)  =  z  -  cz  (z/m)  -  F(z)/m 
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3. 2. 3. 2 


Drogue  Chute  Attachment  Point 


The  WORD  attadTincnt  [X>int  defined  for  the  Stencel  seat  was  being  usoci  as 
tlie  Drogue  Chute  att:3cluient  ix)i.nt  to  calculate  tlie  vector  fron  tlv:? 
seat/occu:xjnt  to  tlie  drogue  chute.  'ihJ.s  caused  tlie  seat/occuixmt  to 
tumlile  during  tiic  di'ogue  stage.  Subroutine  ClItTi-M  was  nKxlified  to  use 
the  drogue  attachxnent  jx)int. 


3.2.4  Correct  ttie  Acceleration  Data  Output  in  tlie  Saun.ary  Report 

The  niethod  used,  by  ICARUS  to  calculate  the  seat/occupemt  acceleration 
was  not  incorrect.  The  data  output  in  the  Suimnry  Report  was  incorrect 
because  of  seme  of  the  other  problems. 


1.2.5 


seteimine  V.'r,’  the  Program  Aixirts  V.'itii  a  Itich  Limit  Error 


In  order  bo  use  the  aerodvnamic  coefficients  measured  in  tlie  v/ind  tunnel 


tests  and  inplamented  in  ICARUS,  only  tlie  linecir  velocities  of  the  seat/ 
occupant  should  be  considered  in  calculating  the  Mach  number.  Havever, 
the  approach  taken  in  the  program  also  considers  tlie  angular  velocities 
of  the  seat/occupant.  These  can,  at  times,  be  mcmentarily  very^  large 
(for  exaitple,  at  parachute  opening) .  The  maximum  Mach  number  allcs'/ed  in 
determining  the  aerodynamic  coefficients  is  1.2,  vhich  should  never  be 
exceeded  when  using  only  the  linear  velocities.  However,  since  the 
program  can  calculate  very  large  angular  velocities,  this  number  could 
be  exceeded,  thus  causing  the  program  to  abort  with  a  Mach  Limit  error. 


To  correct  the  program  to  just  consider  linear  velocities  is  a  major 
effort,  so  the  following  patch  was  implemented;  innodiately  after  being 
calculated  and  before  being  used,  the  Mach  number  is  tested.  If  it  is 
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greater  than  1.2,  it  is  set  equal  to  0.4  (a  Median  Mach  number) .  The 
program,  therefore,  will  not  aibort,  anc3  in  the  one  test  in  v4iich  tliis 
problem  occurred,  it  stabilized  past  tJne  ti-me  of  tlio  problem.  Ilavever, 
tliere  is  no  guarantee  tliat  tlie  pirxjram  will  £ilways  steilailize  after  tlie  Muc’n 
Li-P.iit  error.  Tiie  error  message  is  still  printed  for  informational 
pui'poses . 


3.2.6  Determine  tlae  Reason  for  the  Non-Convergence  Errors  and 

Correct  the  Problem 

The  non- convergence  error  occurred  under  two  circumstances:  when  the 
program  was  trying  to  find  an  altitude  of  O'  +  .1'  (for  impact)  and 
when  the  progi'ajtt  v;as  tr^ung  to  find  a  recovery'  chute  force  of  SMSEPF 
+  1  lb.  (for  seat/occupant  separation).  The  non-convorgence  error 
message  printed  does  not  reflect  a  problem  -in  tlie  proc^ram,  but  merely 
informs  the  user  that  after  15  iterations,  tire  prograrii  failed  to  find 
tire  desired  values.  The  program  continues,  using  tlie  last  value 
calculated.  Because  there  is  no  error  in  tire  program,  no  change  could 
be  made  to  correct  the  problem.  Originally,  tire  following  changes 
were  made  to  subroutine  CKVARB  to  alleviate  the  problem: 

1.  The  epsilcHi  values  were  increased.  The  program  will  now 
try  to  find  an  altitude  of  O'  +  .2'  for  impact  curd  a 
recovery  chute  force  of  SMSEPF  +  5  lbs.  for  seat/occupant 
separation.  This  decreases  the  frequency  of  non-convergence 
errors. 
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2. 


The  error  message  is  printed  as  a  separate  report  after  all 
desired  reports  are  printed-  This  will  allow  the  user 
to  knav  that  non-convergence  occurred  aixl  what  value  was 
used  by  the  program.  If  that  va.lue  is  not  acceptable, 
the  run  can  be  reamde,  lo.ering  the  approj.)riate  integration 
step  size.  If  tlie  value  is  acceptaJale,  the  non-convergence 
report  can  be  thro/.u  away  and  tlie  rest  of  tiie  output  used  as 
is. 

ICARUS  was  further  modified  to  define  seat/occupamt  separation  when 
PCFORC  >  SMSEPF.  The  implication  of  this  change  is  that  the  program 
no  longer  tries  to  find  the  exact  time  the  recovery  chute  force  is  SMSEPF 
+  5  lbs.  Tiras,  non-convergence  can  no  longer  occur  at  seat/occupant 
separation. 

3.2.7  Eliminate  the  Necessity  of  Inputting  STENGEL  Seat  Variables 
for  Martin- Baker  Seat  Simulations 

Subroutine  KsTXASE  was  modified  to  allav’  all  inputs  not  applicable  to  tlie 
Martirr Baker  seat  to  be  set  to  zero  when  running  a  Martin- Balcer  simulation 

3.2.8  Determine  the  Program  Aborts  With’  CPU  Fxrors  and  Correct 
the  Problem 

The  CPU  errors  encountei:ed  in  the  program  seened  to  have  been  a  result 
of  the  other  problems. 
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3.2.9 


Make  the  Necessary  Modifications  to  Allow  RCXZKET  BURNOUT 
and  DROGUE.  ECTP'ACTia4  to  r)c:cur  .S  Lniultancx'.usl.y 
To  correct  thi.s  jjrol.jltHn  a  nvijor  rev/ri  le  of  tlvo  subj’outine  STA'I’lIf')  v-ouTd 
ix:  requircid.  Ilo^-zever,  usiny  values  ol  .001  for  the  input  integration 
step  sizers  DOn,  lyiDI’,  E/rSBI-J  and  iHDE  alleviates  the  proi^loai. 

3.2.10  Simplify  tte  Plottinci  File  Croa tad  by  ICA]\US 

Vflien  the  code  to  output  a  file  of  data  for  plotting  was  inplenented 

in  IC?vRUS,  data- v;as  written  at  everg'  integrati.on  time  step.  Modificati.ons 

were  made  to  the  sulxoutine  CLTI?J?'E  to  uarite  data  every  .1  secoPids 

and  at  eveiy'  event.  In  addition  to  reducing  the  size  of  tlie  plotting 

files,  tlie  rxdification  reduced  -tire  cost  of  making  ICAJUJS  lains  by 

approximately  203  aj-id  of  irakii'ig  J.-C.Al-rLkl  plots  !:'y  alxaut  5003. 

3.3  .Additional  I^lodifications  Made 

The  foliating  describes  additional  modifications  made  to  ICARUS  by  CSC,  eitlior 
to  correct  additional  problaais  encountered  or  to  decrease  the  cost  of 
running  IC-iRUS. 

3.3.1  Input  Variables  Corrected 

While  debugging  the  ICARUS  program,  CSC  discovered  that  erroneous  values 
were  being  used  for  several  input  variables.  Table  3-2  lists  -these 
•variables,  a  descrip-tion  of  each  variable,  -the  erroneous  value  and  -the 
correct  value. 


-58- 


VT^IABIiE 

DESCRIPTION 

PREVIOUS 

VAIUE 

USED 

COIM'O' 

VALUE 

XCRSBR 

X-Coord.  of  right  rocket  position 

1. 

1.03125 

XCKSBR 

X-Coord.  of  left  roc:ket  };x)sition 

1. 

1.03125 

r  RjahR  rocrkot  thrust 

89.0341 

89 

;  lu.ne  angles 

v...  (-'•/  /  1  / 

'^“ockot  thrust. 

1 . 0 

90.2588 

.15 

105 

C^r’SBR 

r  C  ■ 

39.0.341 

89 

BI^SBR 

■'  L.i.ne  angles 

1.0 

B9.7412 

lb 

■n  rr 

/  -  N 

i  ^ 

GixSBR 

’  f  '  f  ‘  } 

IXYSA 

Seat  alone  irancant  of  inertia 

1 

0 

DODC 

^  circurnf erence  of  inflated  drogue 

5. 

7.8531 

DOPC 

chute 

^  circuinference  of  inflated  recovery 

17.5 

27.4889 

VSP 

chute 

rt'oiection  velocity  of  drooue 
chute 

-385. 

-55. 

KSRC 

Recoverv'  Chute  Spring  Constant 

250 

2500 

cx 

Dartping  constaiit 

50 

404.22 

SXP 

Slope  Positive  (Forward) 

6000 

33286.19 

SXN 

Slope  Negative  (Backward) 

6000 

33286.19 

■CY 

DaT-ping  Constant 

50 

404.22 

Slope 

6000 

33286.19 

SY 

30. 

166.43 

cz 

Danping 

mJW  • 

■ ZSLACK 

Upward  Slack 

.083 

.166 

SZP 

Slope  Positive  (Upward) 

6000 

33286.19 

ZBOT 

Bottoming  Distance 

-.083 

-.074 

SZNl 

Slope  Negative  (Down)  1  (Flesh 

3088 

17131.29 

SZN2 

and  Cushion) 

Slope  Negative  (Dawn)  2  (Seat  Kit) 

7658 

42484.28 

TABLE  3-2 
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3.3.2 


Parachute  Simulation 


Several  changes  were  made  to  the  [parachute  similation  }X)rtions  of  tlic.' 
progivim.  To  effect  tliese  cliangos,  subroutines  QiliTlM,  and 

DROOIU  v-orc  rnoclificd. 

1.  D'oring  the  recovery  c'nute  stage,  tlie  distance  fran  the  cliute 
to  tee  Eeut/oc:cur:o;it  i.s  nov;  kept  vsitli  in  tlie  iriaMijmim  a]JGv.r''.j 
value  defined  by  the  length  of  llio  recovery  chute  lines. 

In  the  original  program,  there  v/as  no  lin'd. t  to  hew  far  away 
frexn  tee  seat/occupant  the  chute  could  itove.  This  chaj'ige  also 
applies  to  tee  drogi:e  chute. 

2.  At  RISER  LINE  STRETCH,  tee  velocity  of  the  chute  is  now 
calculated  based  on  tee  velocity  of  tiie  seat/occupant  (or 
occupant  alone,  after  separation) .  The  force  of  the 
recover/  chute  on  tjie  seat/occupant/oc/cupant  alone  is 
calculated  based  on  this  veloci-ty  and  is  used  in  the  seat/occupant/ 
occupant  alone  equations  of  motion.  In  turn,  tee  force  of 

the  seat/occupant/occupant  alone  on  the  recovery  chute  is 
treated  as  an  external  force  on  tee  recovery  chute  and  is 
used  in  the  recovery  chute  equa-tions  of  motion.  This 
change  also  applies  to  the  drogue  chute  simulation  after  the 
drogue  lires  have  stretched. 

3.  In  the  original  program,  tee  WORD  force  calculated  was  used 

in  the  recovery  chute  equations  to  pull  out  the  recovery^  chute. 
Subroutine  CHUTFM  was  itodified  eo  that  the  drogue  chute  force  is 
used  instead. 
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4.  There  are  5  phases  defined  for  the  recovery  chute  simulation 
portion  of  the  program.  Ilcwever,  the  pheises  defined  for 
the  recovery  chute  nxxlellcd  by  the  original  program  do  not 
correctly  model  tlie  recover\'’  chute  currently  being  used. 
These  5  phases  wore  redefined  as  follavs: 


OLD 


Phase  1 

Canopy  Extraction 

Canopy  Extraction 

Phase  2 

Firing  Lanyard  Extension 

Recovery  Chute  Line  Extension 

Phase  3 

Recovery  Chute  Line 

Seat/Occupant/Recovery  Chute 

Stretch/Oirening 

During  Opening 

Phase  4 

Occupant  Alone/Recovery^ 

Occupant  Alone/Recovery  Chute 

Chute  During  Opening 

During  Opening 

Phase  5 

Occupo  nt  Alone/Recovery 

Occupant  Alojre/Rocovery  Cn.ute 

Chute  Tifter  Full  Inflation 

After  Itill  Inflation  ■ , 

5.  The  nessage  RISER  LINE  STRETCH  was  printxid  by  tlie  original 
program  to  indicate  the  beginning  of  recovery  chute  suspension 
lines/riser  lines  extension.  The  message  new  reflects  tiro 
fact  that  the  recover^'  chute  riser  lines  have  stretched. 

6.  The  call  to  INITDR  (the  subroutine  wlrich  initializes  the 
drogue  chute  and  recovery  chute  positions  and  velocities) 
was  incorrect  for  the  initialization  of  the  recovery  drute 

.  conditions.  The  call  has  been  changed  from 

CMli  INITDR  (TORKdRE  +  4)  ,  XSRC,  YSRC,  X)  to 
CALL  INITDR  (WORK(IRE  +  4)  ,  XSRC,  XSRC,  X) 
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3.3.3 


Drogue  Chute  Full  Inflation  Time  Calculation 


Two  rrodifications  were  made  to  the  calculation  of  the  tiji>e  for  DROGUr: 
aiLTE  IUL.L  IhFIATION. 

1.  The  table  inixits  cji.ve  the.!  delta  time  between  DROdJiC  (I.TN 
ITRIhG  and  DRfXGE  CIIUi'E  t'uLL  IhlTATIOE  based  on  tlie  velocity 
of  the  seatAx:cui-.ant  at  DliOOJE  OTl  FIRING.  However',  ICARFS 
was  calculating  the  delta  time  from  DROGUE  EXTK\CTION  to 
DROGUE  QIUTE  FULL  EnIFLATION,  based  on  the  velocity  of  tlie 
seat/occupant  system  at  DROGUE  EXTRACTION.  Subroutine 
STATUS  has  been  modified  to  calculate  tliis  delta  time  at 
DROGUE  GUN  FTRTNG  (DROGUE  PROdECTION)  rather  than  at  DROaiE 
EXTRACTION. 

2.  Each  tis'c  through  the  subroutine  DROCIIJ,  tie  program  recal¬ 
culated  tie  tire  for  DROGUE  CHUTE  FULI.  INHATION  frail  tie- 
input  tables,  causing  DROGUE  CHUTE  FULL  INFLATION  to  happen 
at  the  wrong  tiire.  This  code  was  removed. 


3.3.4  B^'pass  Integration  of  V.ORD  Equations 

To  decrecise  the  cost  of  running  ICARUS,  subroutines  STATUS  and  FETCH 
were  modified  to  eliminate  the  integration  of  the  WORD  equations  vhen 
running  a  Martin-Baker  seat  simulation.  Also,  subroutine  STATUS  was 
modified  so  that  it  no  longer  checks  for  TORD  IGNITION,  vhen  running 
a  flartin-Baker  seat  simulation. 
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3.3.5 


Ronoval  of  Calls  to  IDEBUG 


Each  time  through  subroutine  REPl,  subroutine  IDEBUG  was  called  throe 
times.  IDEBUG  merely  checked  cin  input  flag  (which  is  always  zero)  anii 
returned  if  zero.  Tliose  calls  have  l'X!cn  rciT’O'/cd. 

3.3.6  Removal  of  Call  to 

Each  time  through  subroutine  SEATr-'Kl,  until  SEAT/OCCUP/W  SE PAR^vTION , 
the  subroutine  DAPTFM  was  called.  DARTIPl  calculated  the  D/vRI  forces  and 
racnients,  which  are  not  applicable  to  the  Martin-Baker  seat.  Upon  I'etum, 
SEAI’-iAU  set  the  DART  forces  and  moments  to  zero.  This  call  v;as  removed. 

3.3.7  Calculation  of  Drogue  Chute  and  Recovem.^  Chute  Jvngle  of 
Attack 

The  follov\7ing  equations  apjxsar  in  tloe  subroutines  D'OUIU  aixl  PJoCOV 

respectively: 

ALPHDC  =  ACOS  [- (XlArRODC  *  XDADC  -  iTSfRODC  *  QY  (2)  -  ZT^RDDC  *  ZliADC)/ 
(EX®DDC  +  VDC)] 

ALPHR2  =  ACOS  [-{XRRC  *  XDARC  -  YRRC  *  QY  (2)  -  ZRRC  *  ZDARC)/ 

(DRRC  *  VRC)] 

Due  to  the  way  the  program  calculates,  XRRC,  YRRC,  ZRRC,  DRRC  and  XWRDDC, 
YWREOC,  ZWRDDC,  K’JRDEC,  the  absolute  value  of  the  expressioi  inside  the 
brackets  can  exceed  1.  This  results  in  a  CPU  error,  since  the  ACOS 
function  is  not  defined  for  these  values.  Code  has  been  inserted  to  test 
the  values  of  the  expression  inside  the  brackets.  If  it  is  greater  than 
1,  it  is  set  to  1;  if  it  is  less  than  -1,  it  is  set  to  -1. 
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3.3.8  Printout  of  Event  Messages 


Subroutine  STATUS  has  been  nodified  to  print  the  event  messages  DRCDGUE 


CilLTK  FILU'.I),  RISER  LIEI:’,  STPJIDCII,  SE/Vr/(X:C  SldWATION,  and  SEAT  NOW. 


li-TACT  once  instead  of  twice.  Also  the  folla.ving  event  nrussages  have 
been  modified  as  folla.vs: 


SEId:'  BIsCK  ROCKET  IQIITION  has  teen  changed  to  IXXKET  IGNITION 
SEAT  BACK  ROCKET  BUKIOUT  has  teen  changed  to  RXXPTT'  BU1TX:)UT 
SEATATAN  SEPARATION  has  been  changed  to  SEAT/OCC  SEPARATION 
MAI  ALaiE  WACr  has  been  changed  to  OCC  IUjONE  r-IPACT 


3.3.9  Stop  at  Recovery  Chute  Full  Inflation 

Subroutine  E>SCUT  v/as  modified  to  stop  at  RECO\IERY  ClRim  ITJLTj  INFIATION 
or  utien  time  =  TSTOP,  whic'iever  cores  first,  if  tlie  input  varic-±ile 


INT(6)  is  set  to  1. 


3.3.10  Removal  of  IRECH  Flag  Check 

The  input  flag  IRECH  was  tested  twice,  each  time  tlirough  tlie  subroutine 
RECOV  (tlie  flag  was  apparently  used  for  debugging  purposes) .  If  IREQ! 
is  1,  recovery  chute  data  is  prints.  Since  IRECH  is  always  0,  this 
code  is  never  used  and  has  tterefore  been  removed. 

3.3.11  Modify  Title  Output  for  Report  18  (Dynamic  Response  Index) 
When  report  18  (tlie  Dynamic  Response  Index)  was  implemented,  the  title 
printed  on  the  report  was  DYNAMIC  REFLEX  INDEX.  This  has  been  changed  to 
DYNAMIC  RESPOISE  INDEX. 
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4.0 


ICARUS  PI®GRAr4  VALIDATim  STUDY 


A  proliininar/  st',xly  to  val.idatc}  b’lc  ICARUS  A:i  rcrcAV  Automoted  Escajxi 
System  SiJTTulation  Model  v-'as  [xjrfonncxl  in  Juno  1979.  Because  of  changes  and 
corrections  that  v;cre  .ruade  to  ICiARUS,  it  becaire  necessary  to  [.Kirfori'ii 
this  study  in  ordcer  to  validate  tlie  performance  of  the  nKxli. tied,  program. 

The'  results  of  tliis  prclinii-nary  study  v;cre.  furnished  to  NAJXl's  ].,ife 
Support  Engineering  Division  as  part  of  Task  Order  No.  23 's  June  1979 
Technical  Status  Report.  Subseq’uently ,  the  Task  Order  Cognizant  Engineer 
requested  that  a  more  complete  IC.ARUS  validation  study  be  performed  and 
included  in  the  Task  Order  No.  23  Final  Report.  The  results  of  that  study 
are  contained  in  tliis  section. 


The  preliminary  study  consisted  of  coirparisons  between  ICARUS  s3.muTntior;S 
a.".d  test  data  from  tire  sled  tests  cojiducted  at  tac  S;:C'RT  facilii:y 

of  Nl\C.  These  simulations  were  based  on  a  typical  rocket  thrust  versus 
time  curve  w’ith  the  rocket  burn  time  adjusted  to  agree  v;itli  tlie  actual 


test  rocket  bum  tinre.  These  tlirust  vs.  time  curves  were  subsequently 
modified  by  LSED  personnel  to  insure  that  tlie  rocket's  total  impulse 
would  remain  the  same  as  the  typical  rocket  for  all  of  the  F-18A  test 
simulations.  The  simulation  results  obtained  witli  these  revised  thrust 
curves  appear  in  this  report. 


4.1  Purpose 

A  validation  study  using  F-18A  Sled  Test  Data  was  performed  to  danonstrate 
and  validate  the  capability  of  the  ICARUS  Program  to  accurately  predict 
the  motion  of  an  ejection  seat.  This  study  shews  that  tlie  ICARUS  Program, 


-65- 


with  proper  modifications,  Ccui  be  used  with  confidence  to  predict  and 
verify  tlie  performance  of  any  ejection  seat  under  varying  conditioru3  nnd 
specifications. 

4.2  rOtlKXl 

The  validation  effort  vns  conducted  by  cofT.p-'iring  actual  KiC  SNOI^T  F-IBA 
sled  test  data  to  simulation  results  fco:  tlie  Scinc  conditions  and 
specifications.  Duo  to  variations,  inaccuracies  and  uncertainties  in 
the  test  parameters,  it  is  not  possible  to  exactly  duplicate  actual 
test  performance.  Tlierefore,  a  predicted  vaJ.ue  v.dthin  +  lOi  of  the 
actual  test  data  is  considered  to  be  good  agreement. 

The  CE  requested  tliat  this  study  limit  itself  to  tlie  Nii\C  SNORT  F-18A 
sled  tests.  These  8  tests  are  defined  in  Table  4-1. 

Test  4  was  an  intentional  ejection  through  the  closed  canopy,  but  no 
attenpt  was  made  to  modify  the  input  data  to  the  ICARUS  program  to 
account  for  tliis  situation,  since  it  was  assun-ed  that  the  force 
necessary'  to  break  tlie  canopy  would  have  no  appreciable  effect  on  tlie 
final  trajectory.  Also,  this  test  has  a  gap  in  the  recorded  test 
data  from  a  tine  of  2.106  seconds  after  ejection  to  5.515  seconds 
after  ejection.  Test  5  exhibits  an  inordinately  long  time  for  the 
irain  parachute  pack  opening  to  occur  after  the  drogue  parachute  is 
fully  inflated.  This  test  also  has  no  recorded  data  beyond  2,955 
seconds  after  ejection.  Tests  6  and  8  are  the  high  speed  tests  for  tlie 
98  percentile  dunnty.  Both  of  these  tests  are  considered  as  suspect, 


-66- 


NWC  SNORT  F-18A  ESCAPE  SYSTEM  SIJD  TESTS 


]. 

2 

3 

4 

5 

6 

7 

8 


TARGET 

EunCTIOrJ 

v];)o:.i']7 

(KEAS) 


0 

225 

0 

225 

435 

435 

600 

600 


PT.IjOT 

DUMMY 

P13IY^25M- 

98 

98 

3 

3 

3 

98 

3 

98 


Table  4-1 


I 
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since  their  trajectory  performance  is  considerably  less  than  the  3 
[oercentile  dunmy  high  speed  tests  5  and  7 ,  Tliese  tra-spect  tests  are 
included  in  tlais  study  to  ilJ.ustrate  tlieir  dciviation  fraii  the  ICLMIUS 
Program  jirodictions  and  the  3  [x^rccntiJ.e  dunirrr/  tests.  The  ICARUS 
Program  simulation  result;-;  v-ere  obtained  fran  computer  runs  for  tlie  8 
I?, '1C  SMOPr  F-18A  sled  tests.  A  listing  of  tJic  ICAr;U5i  prfxjram  i.n];3ut 
parameters  used  for  these  runs  is  provided  in  Ap[x?ndix  J.  The  velocities 
that  are  calculated  and  output  by  the  ICARUS  Prograin  are  ground  speeds 
and  as  such  include  tlie  components  of  the  reported  vs^ind  velocities. 

Since  the  reported  v;ind  data  furnished  for  seme  of  the  tests  is  contradictor 
in  terms  of  the  v^7ird  velocity  and  direction,  it  v;as  decided  to  execute  . 
the  IC7\RUS  cesnputer  runs  vvdth  zero  v.'ind  conditions.  Most  of  the  refxarted 
v/lnd  velocities  v.ere  small  (5  knots  or  less)  except  for  tests  3  and  5 
vdiich  had  reported  v/ind  velccities  of  6  and  7  knots  respective].y .  Vlir.ds 
of  this  magnitude  and  reported  direction  of  210®  would  have  doivn-range 
.  and  off-range  ooraponents  of  approximately  10  and  12  ft/sec  respectively 
and  would  have  made  an  incren^ital  change  in  down-range  and  off-range 
ICARUS  Prograna  predicted  trajectories. 

The  actual  test  data  for  the  NW3  SNCEO’  F-18A  tests  v^ere  obtained  fron 
reports  prepared  by  M-C.  The  reports  for  tests  2  through  8  contain 
the  notation  that  "all  velocities  have  been  corrected  to  sea  level 
dynamic  pressure  and  still  air".  It  is  assumed  that  this  statement 
means  that  the  velocities  \-^re  corrected  to  sea  level,  standard  day 
atmospheric  conditions  witli  no  winds.  Although  this  note  is  not  provided 
in  the  reports  for  tests  1  and  2,  an  examination  of  the  data  indicates 
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that  the  same  procedure  was  also  used  in  tlicse  tests.  The  atmospheric 
density  (slugs/ft^)  for  the  ambient  c’orditions  of  tiiese  8  tests  ranged 
from  0.00211  to  0.00199  resulting  in  an  average  of  0.00206.  Ltased  on  Lho 
sea  level,  standard  day  dansity  of  0.0023709  and  bhe  fact  that  tlie 
velocity  correction  is  a  function  of  tJic  scjuare  roc5t  of  tlie  density  ratio, 
the  velocities  listed  in  the  MdO  test  rcT)orLs  iire  approx .i mat ely  7.4'' 
less  than  the  velocities  that  vvould  be  calculated  from  tlae  test  time  aiid 


distance  (corrected  to  zero  wind  conditions)  relationships.  Since  tiae 
distance  data  of  tlie  NvC  reports  are  tabulated  with  only  one  decimal 


place  as  compared  to  three  decimal  places  for  tlae  time  date  it  v;as  not 
possible  to  accurately  calculate  the  test  groujxl  siixaeds  fircm  teese  tinios 


and  distances. 


The  cibove  restrictions  cause  a  comparison  of  the  simulation  ard  test  date 


to  differ  by  the  effect  of  the  reported  wind  components  on  tlie  down-range 
ard  off-range  distances  and  the  effect  of  the  test  velocity  correction 
to  "sea  level  dynamic  pressure  and  still  air"  conditions.  Therefore, 
any  velocity  cemparisons  in  tliis  study  are  intended  to  illustrate  trends, 
but  cxily  approximate  magnitudes.  Tlie  effect  of  tlie  reported  wind 
oonponents  on  the  dewn-range  and  off-range  distances  should  not  be  large 
and  the  down-range  cenparisons  should  be  valid  for  both  trends  and 
ma^itudes. 


The  simulation  data  is  corpared  to  the  actual  test  results  by  plotting 
specific  corparison  parameters  against  the  horizontal  velocity  at  the  time 
of  ejection.  The  selected  corparison  parameters  are  defined  in  Table  4-2. 
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CQ'IPARTSOT  PARAMITTEPS 


SYT'IBOL 

dfpint:j’tox 

ror>ITIVE  SIGN 

X 

Horizontal  Distance 

L'XAv'n-Rajige  frcHu  j.)oi.nl.;  of 

Y 

Vertical  Distance 

Ujiv.’ard 

.  Z 

lateral  Distance 

Off-raneje  to  the  right, 
facing  forivard 

Vx 

Horizontal  Velocity 

Down-range  from  point  of 
ejection 

Vy 

Vertical  Velocity 

Upward 

Vz 

lateral  Velocity 

Off-range  to  tlie  right, 
facing  for\vard 

TABLE  4-2 


,i  r)n 
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since  t±ie  horizontal  velocity  at  the  time  of  ejection  is  the  test  variable 
that  has  the  most  effect  on  the  trajectory  [xsrformance,  the  comparison 
v.'ill  be  biased  on  a  graph  of  each  of  the  caiijxirison  par<:aiK::ters  relative 
to  tlie  horizontal  velcx:ity  at  tlic  time  of  ejection.  A  graph  wiJ,].  bo 
presented  for  each  caiijination  of  cX)n|Xir,ison  [xi):amctc?r ,  diurnry  ]:ercenl;j,,lc; 
and  trajectory  event.  The  events  that  define  tlie  ejection  trajectory 
are  listed  in  Table  4-3. 

The  graphs  for  these  events  illustrate  any  disagreement'  between  tfie 
predicted  and  actual  test  data,  and  they  isolate  tlie  ejection  trajectory 
event  at  which  any  deviation  occurs,  /igrean'ont  can  lx;  shovn  in  terms 
of  magnitude  and  also  in  temis  of  trends,  as  a  function  of  the  horizontal  , 
velocity  at  tlie  time  of  ejection,  for  a  particular  percentile  diUim^w 

4.3.  Analysis 

The  ICARUS  simulation  data  was  obtained  fron  listings  of  the  computer 
runs  made  for  the  USED,  and  this  data  is  tabulated  in  Tables  E-1  tlirough 
E-8  in  Appendix  E.  Data  for  the  actual  NiC:  SNORT  F-18A  sled  tests  was 
derived  form  NWC  Test  Reports,  and  this  data  is  tabulated  in  Tables  E-9 
through  E-16.  Tables  E-8  and  E-16  contain  data  for  the  peak  trajectory 
height,  where  the  peak  trajectory  is  defined  as  occurring  at  the  time  that 
the  vertical  velocity  is  closest  to  zero. 

Since  the  NWC  Test  Reports  do  not  provide  any  angular  orienation  data, 
there  was  no  attarpt  node  to  graphically  cotipare  ICARUS  simulation 
angular  data  to  test  data.  However,  since  the  angulcir  positions  of  the 
seat/occupant  at  rocket  ignition  and  during  tlie  rocket  bum  phase  have 
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EJECTION  TRAJECTORY  EVENTS 


1 .  Rocket  ignition 

2.  Rocket  burnout 

3.  Drogue  gun  fire 

4.  Drogue  parachute  full  inflation 


5. 

6. 
7. 


Main  parachute  pack  opening 
Main  parachute  riser  line  stretch 
Itein  parachute  full  inflation 


TABLE  4-3 
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a  dcminant  effect  on  the  ejection  trajectory,  films  of  the  eight  NWC! 

SNORT  F-18A  sled  tests  were  studied  to  estimate  the  approximate  angular 
positions  during  the  early  stages  of  the  ejections.  The  results  of 
this  film  study  arc  tabulated  in  Table  4-4.  The  cockpit  guide  rails  are 
pitched  back  22°  from  the  vertical,  and  for  all  the  tests  tliere  was  no 
appreciable  sideslip  or  roll  to  he  seen  at  the  time  of  rocket  ignition. 
The  tabulated  angles  are  gross  approximations  rtade  frcsn  viewing  the 
films,  and  are  intended  to  describe  the  approximate  orientation  of  the 
seat/occupant  at  rocket  ignition  and  burnout.  All  angles  are 
measured  ^'iiile  facing  fon-;ard  with  pitch,  roll,  and  sideslip  being 
positive  back  from  the  vertical,  positive  to  the  right  and  positive  to 
the  left  respectively. 

The  test  films  illustrate  the  progressively  larger  catapult  tube  bending 
due  to  the  increased  dynamic  pressures  as  the  test  velocities  at  ejecti.on 
are  increased.  Tests  for  both  the  3  and  98  percentile  dummies  exhibit 
similar  catapult  tube  bending  trends  as  a  function  of  test  velocity. 

The  poor  pitch  and  roll  orientation  at  rocket  ignition  and  during  the 
rocket  bum  should  account  for  the  low  trajectory  performance  of  test  8. 
It  most  be  noted  that  the  tube  bending  equations  of  the  ICARUS  program 
wem  ertpiricaily  derived  and  the  associated  input  parameters  must  be 
estimated  by  trying  to  match  given  test  data.  This  is  also  the  case 
for  the  cockpit  partial  exposure  parameters.  In  the  absence  of  reliable 
test  data,  a  best  estimate  of  these  parameters  must  be  made,  and  the 
ICARUS  program  runs  were  conducted  using  best  estimates  based  on  past 
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tests.  These  assumptions  appear  to  be  adequate  since  the  angular 
orientations  at  rocket  ignition  from  the  ICARUS  simulatioas  are  close 
to  the  estimated  values  derived  from  the  test  filims.  However,  tlicse 
assumptions  are  not  valid  for  tests  7  and  8.  This  is  due  to  the  fact 
that  the  lOARUS  program  tube  bending  ecjuations  assunie  that  no  plastic 
deformation  of  the  tube  v/ill  occur  and  tests  7  and  8  exhibited  on 
obviously  deformed  catapult  tube. 

All  of  the  test  films  (including  the  0  KEAS  tests)  showed  a  sideslip  of 
rotation  of  the  seat  after  rocket  ignition.  The  magnitude  of  this 
rotation  increases  as  a  function  of  test  velocity.  In  seven  of  the  eight 
tests,  the  seat/occupant -turned  to  -the  left,  while  in  test  number  5 
the  rotation  was  to  the  right.  With  the  given  input  test  paramieters, 
the  ICARUS  program  does  not  predict  sideslip  rotations  of  these 
magnitudes  and  they  cannot  be  explained  or  justified  for  an  assumed 
symmetrical  seat/occupant.  The  mt  effect  of  these  sideslip  rotations 
is  to  alter  the  divergence  performance  of  -the  ejection  seat 
as  ccnpared  -to  the  ICARUS  program  predicted  values.  The  do\m-range 
and  height  trajectory  performance  does  not  appear  to  be  impaired  by  this 
sideslip  rotation. 


4.3.1  Event  TIMES 

Figures  F-1  through  F-7  (3  percentile  dumtty)  and  Figures  F-8  tlirough  F-14 
(98  percentile  dummy)  in  Appendix  F  sha^?  the  variation  of  the  test  event 
times  as  a  function  of  -the  horizontal  velocity’’  at  ejection  for  tlie  Nl-C 
sled  tests.  Since  the  simulation  times  for  Rocket  Ignition  and  Rocket 
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APPROXII^.TE  ACTUAL  SEAT/OCCUPANT  ORIENTATICNS 


TIiST 

1 

2 

3 

4 

5 

6 

7 

8 

Target  ejection  velocity 

KEAS 

0 

225 

0 

225 

435 

1 

435 

GOO 

600 

Percentile  DariTry 

o 

98 

98 

3 

3 

3 

98 

3 

98 

Pitch  at  RDcket  ignition 

DEG 

10 

20 

10 

20 

30 

30 

40 

50 

Roll  at  Rocket  ignition 

DEG 

0 

0 

0 

0 

0 

0 

0 

0 

Sideslip  at  Rocket  ignition 

DEG 

0 

0 

0 

0 

0 

0 

0 

0 

Pitch  at  Rx:ket  burnout 

DEG 

-45 

-60 

-45 

-10 

0 

10 

-45 

-60 

Roll  at  Rocket  burnout 

DEG 

45 

-45 

-30 

-10 

30 

30 

-45 

-45 

Sideslip  at  Rocket  burnout 

DEG 

45 

135 

i 

1 - - - 

60 

160 

-180 

180 

225 

225 

TABLE  4-4 
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Burnout  are  calculated  by  the  ICARUS  program  they  will  be  very  slightly 
different  than  the  test  values.  However,  all  of  the  other  event  times 
of  the  simulation,  except  for  seat/occu[5ant  separation,  will  match  the 
test  tirres.  1110  sharx;  of  the  ccrpari.son  graphs  will  Ixi  influenced  lx/ 
the  variations  of  a  particular  event  time.  This  is  especially  evident 
for  the  3  percentile  duiu%’  simulation  cairves  wliidi  are  distorted  afi.er 
the  drogue  parachute  is  fully  inflated,  due  to  tlie  ancmalous  main 
parachute  pack  opening  time  for  test  number  5.  This  time  is  not  consistent 
with  the  magnitude  and  trends  exhibited  by  the  other  tests,  but  it  ^^as 
used  in  the  simulation  in  order  to  demonstrate  the  capability  of  the  ICARUS 
program  to  accurately  duplicate  a  trajectory  with  cin  anomaly  at  seme 
event.  Since  only  four  points  are  available  to  define  the  simulation  curves, 
they  are  of  an  arbitrary  shape  and  they  may  vary  if  intermediate  ejection 
velocities  beceme  available. 

4.3.2  Horizontal  Trajectory/  Performnee 

Graphs  illustrating  the  oaiparison  of  the  horizontal  (dc^mi-range  positive) 
distance  and  velocity  test  ard  simulation  data  are  provided  in  i^pendix  F 
ty  Figures  F-15  through  F-21  (3  percentile  duimy,  horizontal  distance) , 
Figures  F-22  through  F-28  (98  percentile  durrny,  horizontal  distance) , 

Figures  F-29  through  F-35  (3  percentile  diimy,  horizontal  velocity) ,  and 
Figures  F-36  through  F-42  (98  percentile  duimy,  horizontal  velocity) ♦ 

The  simulation  distances  are  usually  less  than  the  actual  test  values. 

This  difference  would  be  alleviated  had  it  been  possible  to  use  the 
reported  wird  data  for  the  ICARUS  program  predictions  and  if  the  test 
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ground  speeds  were  available.  The  horizontal  distance  and  horizontal 
velocity  trends  sha.-/  good  agroc3ttGnt  betv;ecn  the  simulation  and  the  actual 
test  data,  except  for  tlie  tv,o  sus[x2ct  98  txirccntile  duimry  tests  (tests  6 
and  8) .  These  tests  s!io/;  consistent  deviations  fran  the  predicted 
horizontal  velocity  trends  after  rocket  ignition  Ins  oc;curred.  The 
deviation  in  horizontal  distance  for  these  tv70  tests  is  not  as 
apparent  due  to  the  scale  of  the  graphs.  A  possible  exp].anation  for  tJio 
decreased  horizontal  performance  of  these  suspect  tests  can  be  made 
by  the  larger  than  predicted  catapult  tube  bending  wlrLch  occurred  during 
these  two  tests.  This  resulted  in  a  seat/occupant  orientation  in  which 
the  rocket  thrust  had  a  larger  component  acting  opposite  to  the  down-range 
direction  of  motion. 

4.3.3  Vertical  Trajectom'-  Performance 

Graphs  illustrating  time  comparison  of  the  vertical  (up  is  positive) 
distance  and  velocity  for  test  and  sinuiLation  data  cire  contained  in 
Appendix  F  by  Figures  F-43  through  F-49  (3  percentile  dumrry',  vertical 
distance) ,  Figures  F-50  tlmrough  F-56  (98  px^rcentile  duminpi',  vertical  distance) 
Figures  57  through  F-63  (3  percentile  dummy,  vertical,  velocity)  and  Figures 
F-64  through  F-70  (98  percentile  dirarny,  vertical  velocity). 

The  simulation  distance  and  vertical  velocity  trends  show  good  agreement 
vdth  the  actual  test  values,  except  for  tests  6  and  8.  These  tavo  tests 
show  a  lover  vertical  distance  and  velocity  than  would  be  expjected  from 
the  simulation  ard  the  trends  from  the  other  tests.  Again,  tlmis 
degraded  pjerfpnrdrice  can  be  accounted  for  by  time  fact  that  the  actual 
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catapult  tube  bending  for  these  tests  is  greater  than  that  predicted  by 
ICARUS.  The  plastic  deforamtion  of  the  catapult  tites  rray  have  impaired 
tiie  perforrrDnce  of  the  catapult  aixl  also  resulted  in  the  seat/occupant 
being  pitched  too  far  back  to  adiieve  optimuin  trajectoi:y  rx?rforiTnncc 
during  the  rocket  burn  phase. 

4.3.4  lateral  Trajectory  Performance 

A  corrparison  of  the  lateral  (off-range  is  positive  to  the  right,  facing 
for\'/ard)  distance  and  velocity  for  both  simulation  and  test  data  is 
presented  in  Appendix  F  by  Figures  F-71  through  F-77  (3  percentile  dunmy, 
lateral  distance) ,  Figures  F-78  through  F-84  (98  percentile  durnn^,  lateral 
distance)  ,  Fig-ores  F-85  through  F-91  (3  percentile  dunrery,  lateral  velocity)  , 
and  Figures  F-92  through  F-98  (98  percentile  dunrn^p  lateral  velocity)  . 

Since  it  is  not  possible  to  account  for  tlie  large  actual  test  sideslip 
rotations  during  the  rocket  bum  phase,  the  sirailation  data  may  not  agree 
with  the  test  data.  However,  since  the. magnitude  of  the  test  sideslip 
rotation  is  less  at  the  low  ejection  velocities,  tl^e  predicted  and  actual 
test  data  agree  well  for  these  cases.  Conversely,  the  greatest  sideslip 
rotation  occurs  at  the  higher  ejection  velocities  and  the  predicted  and 
actual  test  data  show  the  worst  agreement  for  those  cases.  The  600  KEAS 
tests  for  both  the  3  and  98  percentile  durmiies  show  a  snail  positive 
and  a  small'  negative  divergence,  respectively,  even  though  the  ejection 
seat  is  designed  to  diverge  in  a  negative  direction  at  all  times. 
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4.3.5  Peak  Trajectory  Perfomonce 

Figures  F-99  ard  F-lOO  in  Appendix  F  contain- graphs  ccsrparing  the 
simulation  and  test  vertical  and  horizontal  distances  at  nvixi.mum  trajcx:ton/ 
height.  These  graphs  sIyjv/  excellent  agreciiient  for  tlie  height  and  good 
agreement  for  the  dcr.vn-range  conparis;on.  The  agreement  bet\-jeen  the 
simulation  and  test  data  for  the  do/m-range  distance  would  have  been 
better  had  it  been  possible  to  include  the  reix^rted  winds  and  the  test 
ground  speeds  in  the  simula-tion.  Again,  -the  largest  deviations  for  Uie 
dewn-range  and  vertical  distance  cemparisons  occur  in  tests  6  and  8. 

4.4  Conclusions 

Graphs  of  the  simulation  and  test  trajectory  data  for  each  condition  tested 
at  NIC  are  contained  in  Appendix  G.  These  graphs,  along  witli  the  analysis 

t 

provided  by  section  4.3,  illustrate  the  good'  agreement  between  the  simulation 
and  the  test  data.  This  agreeiment  holds  true  for  both  magnitude  and  -trends 
and  verifies  the  capability  of  the  ICARUS  program  to  accurately  simulate 
the  performance  of  an  ejection  seat  over  a  full  range  of  ejection  conditions. 
Tlie  availability  of  more  accurate  and  definitive  test  data  would  have 
inproved  the  accuracy  of  the  simulation,  since  the  trajectory  of  an  ejection 
seat  hinges  on  several  key  ini-tial  paran'veters ,  which  are  discussed  in  the 
following  paragraphs . 

The  parameters  required  ty  the  ICARUS  program  vary  from  items  of  major 
impoirtance,  which  require  accurate  determination,  to  items  of  rela-tively 
minor  inportance  where  approxinations  are  adequate.  Typical  iteanis  of 
najor  inportance  include  parameters  such  as  the  catapult  and  rocket  thrust, 
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aerodynamic  coefficients  for  the  seat/occupant,  weight  and  dimensions  of 
the  seat/occupant,  the  center  of  gravity  location  of  the  seat/occupant, 
and  the  [XDsition  of  tlie  rcx^ket  relative  to  tlie  scat.  Tliese  items  raiuirc 
relatively  accurate  detemunation  card  re;x)rting  in  order  for  the  ICAi'J;d 
program  to  provide  valid  predictions.  Gi.ven  an  accurate  sot  of  input 
pararreters  for  a  particular  test  or  theoretical  case,  the  ICAItUS 
program  v/ill  accurately  sinTulate  tlie  ejection  trajectory  for  tliose 
conditions. 

4.4.1  Catapult  and  Rocket  Tlrrust 

Except  for  the  aerodynamic  forces,  which  only  beceme  predominant  at  tlie 
higher  ejection  velocities,  the  most  important  parameter  in  determinijig 
the  trajectory  perfomaroe  of  an  ejection  seat  is  the  thrust  generated 
by  the  catapult  and  the  roclcet.  The  simulation  is  based  on  a  topical 
rocket  thrust  vs.  time  curve,  vhich  is  assvmoi  to  be  valid  for  all  tests 
The  curve  is  adjusted  to  account  for  the  actual  test  rocket  bum  time 
\A^iile  keeping  the  total  inpulse  tlie  same  as  the  typical  curve.  The 
catapult  and  rocket  characteristics  will  vary  due  to  anhient  atmospheric 
conditions,  ejection  velocities,  and  manufacturing  inaccuracies.  2iny 
variations  in  actual  catapult  and/or  rocket  thrust  fron  the  values  used 
in  the  simulation  will  have  a  major  effect  on  tlie  accuracy  of  the 
predicted  trajectory  i-hen  cctrpared  to  test  data. 

4.4.2  Seat/Occumnt  Center  of  Gravity 

The  position  of  the  seat/occupant  cembined  center  of  gravity  must  be 
known  accurately  in  order  to  simulate  the  angular  notion  of  the  seat/ 
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occupant  during  the  catapult  and  rocket  phases  and  to  simulate  the 
aerodynamic  mcrrents  acting  on  the  seat/occu[xi.nt.  TVny  errors  in  tiie 
center  of  gravity  location  will  bo  roflcctal  as  an  inaccurate  sinnd.ation 
of  the  rrotion  of  tlie  seat/occupaivt  during  tiic  catapult  and  rocket  phases, 
v;ith  consequent  inacc’araci.es  in  tl'ie  predicted  trajectories. 

4. 4. '3  Catapult  Tube  I>a flection 

The  catapult  tube  deflection  equations  were  derived  empirically  in  an 
attempt  to  model-  the  behavior  of  other  Martin-Baker  type  catapults. 

Since  the  airoant  of  catapult  tube  bending  can  make  several  degrees 
difference  in  the  pitch  attitude  of  the  seat/occupant  at  rocket 
ignition,  the  trajectory  may  vary  appreciably  as  a  function  of  -tlie 
catapult  tube  deflection.  Based  on  films  of  the  F-18A  tests  at  NV^Xl, 
the  simulated  deflections  differ  in  some  cases  from  tire  actual 
(estimated)  deflections.  This  is  especially  true  of  the  600  KEAS 
cases  where  plastic  deformation  occurred.  Deflection  of  the  catapult 
tube  is  caused  by  tire  interaction  of  tire  seat/occupant  and  the  guide  rails 
during  the  catapult  phase,  and  by  the  aerodynanric  forces  and  nonents 
acting  on  the  seat/occupant.  For  0  KEAS  tests,  the  aerodynamic  forces 
and  itcments  are  negligible  and  the  test  films  illustrate  the  catapult 
■tube  bending  forward  ^proximately  10°  from  its  initial  position,  due  to 
■the  effect  of  -the  seat/occipant  and  guide  rails  interaction.  For  the 
600  KEAS  tests,  the  aerodynamic  forces  and  noments  are  predcsninant  and 
■the  test  films  shai?  the  catapult  "tube  bending  back  about  20°  fron  its 
initial  posi-tion  with  the  ca-tapult  tube  retainiirg  -this  deformation. 
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4.4.4  Aercx3ynamic  Forces 

Since  the  aerodynamic  forces  are  the  dominant  force  acting  on  the  scat/ 
occupant  d\:iring  the  higher  velocity  ejection  tests,  the  good  agreanent 
bota'.’Gcn  tlie  simulation  and  test  data  for  the  3  percentile  durmiy  435 
emd  600  KE/iS  tests  verifies  that  tiie  set  of  seat/occupant  aerodyn<m>ic 
coefficeints  used  by  the  ICARUS  program  is  representati.ve  of  this  seat/ 
occupant  cornbination.  Therefore,  it  is  felt  tliat  tlie  IC7\RUS  program 
can  accurately  simulate  the  aerodynamic  forces  acting  on  a  seat/occupant 
for  the  full  range  of  velocities  demonstrated  by  these  tests  as  long  as  tlie 
seat/occupant  maintains  its  configurational  integrity  during  the  ejection. 

4.4.5  Drogue  and  Main  Parachutes 

Tne  trajectors’  perfonrance  during  the  drogue  and  nain  parachute  phases 
of  the  ejection  shows  good  agreenent  between  the  simulation  and  test  data. 
The  parachute  equations  of  the  ICARUS  program  model  a  typical  parachute  and 
do  not  have  the  capability  to  exactly  duplicate  tlie  behavior  of  the  GQ 
Aeroconical  Canopy  of  the  main  parachute  used  in  the  F-18A  Escape  System. 
This  parachute  has  a  steerable  capability  and  for  this  reason  no  attempt 
was  made  to  conpare  the  simulation  results  with  test  data  after  main 
parachute  full  inflation.  The  ICARUS  program  simulates  the  seat/occupant 
separation  as  occurring  shortly  after  .parachute  riser  line  stretch,  while 
the  test  data  for  the  0  KEAS  cases  indicates  that  it  occurs  later. 

Except  for  this  discrepancy,  the  simulation  very  closely  matches  the 
ejection  trajectory  during  tlie  drogue  and  nain  parachute  phases  up  to 
main  parachute  full  inflation.  Beyond  this  point,  the  simulation  cannot 
predict  the  randan  descent  trajectory  that  nay  be  caused  by  the  steerable 
capability  of  the  Aeroconical  Canopy. 
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5.0 


UTILITY  PROGIW^ 


To  siriplify  tl'C  process  of  nviking  lOViuJr.  nins 


C^'C  develoj  xjcl  cUK.'i  inrple- 


n'ontecl  2  utility  prcgrarrs: 


and  'I’lHJST. 


CCjMPARE  corryaros  eacli 


variable  in  up  to  10  IC7U:^L'S  in’put  files,  tlius  iivildng  it  easier  to  veri^fy 
the  inouts  '.v;'!en  iraking  a  series  of  runs.  THRUST  calculates  tl'ic' actual, 
rocket  thrust  vs.  time  curve  to  corres;x)nd  to  an  input  roc:ket  burn  time, 
keeping  the  total  ir, pulse  tkio  same  as  an  established  average  curve.  In 
addition,  CSC  ccambined  tlie  capabilities  of  various  versions  of  tlie  ICARLU 


plotting  program!  into  a  single  versi.on  (ICAPLTS)  with  some  additional 
features.  Each  of  tlrese  three  programs  is  discussed  below. 


5.1  ICAPLTS 

CSC  consolidated  various  versions  of  tlie  prograin  used  to  generate  plots 
from  ICARUS  output  and  NIC  test  data  into  one  version  witli  some  modifi¬ 
cations.  All  previous  versions  have  beeii  purged  to  elimunate  confusion. 
The  file  containing  the  NIC  test  data  for  flie  8  F-18A  sled  tests  has  bccji 
reformatted  to  tire  same  fomat  as  tire  data  output  by  ICARUS.  Examples 
of  hav  to  use  the  4  basic  options  inplonented  in  the  plotting  program 
are  contained  in  Appendix  H,  along  with  samples  of  the  plots  generated. 


5.2  THRUST 

Based  on  an  average  rocket  thrust  time  curve,  THRUST  will  recalculate  the 
actual  thrust  curve,  keeping  total  impulse  constcint,  to  correspond  to  an 
irput  rocket  bum  time.  Figure  5-1  shows  a  plot  of  the  average  thrust 
curve  used  in  ICARUS  for  F-18A  runs  (based  on  a  .3  second  bum  time) 
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ilKUST  (UiSj 


and  the  recalculated  thrust  curve  cbrrosi sanding  to  a  .26  burn  time  (fran 
NVC  F-18A  sled  test  #2) .  Figure  5-2  shows  hav  to  use  the  'PIIRUS'r  pirofjr.im. 
Before  running  the  progra;Ti,  tlio  standard  thrust  table,  nunter  of  ixii.nl.s 
and  nov;  barn  tiiTo  slrrald'  l^c  set  \:p  in  tJ'/a  s,ource  code  as  ij-idicat.cd  on 
the  program  listing  fou’/iJ  in  Appendix  I.  /ipiXDndix  I  also  contains  a 
sajTiple  of  tae  output  generated  L)y  niiy.tiT. 

5.3  Ca-IPARE  Program 

The  caiPARE  program  was  developed  and  inplemented  to  simplify  the  process 
of  verifying  the  input  files  for  runs  raade  with  the  ICARJS  Simulation 
Program.  CO^TAEE  will,  read  up  to  10  ICARUS  input  files  and  output  taom 
as  sha-mi  in  Appendix  J.  Tnere  is  also  an  option  in  the  prograTi  to 
calcralate  and  print  the  average  of  each  input  variable.  Figure  5-3 
gives  a  description  of  hov;  to  use  the  CQ'IPARE  program.  Before  running 
COMPARE,  the  number  of  input  files  to  be  read  (NTAPES)  and  the  flag 
controlling  the  generation  of  average  output  (lAVG)  must  be  set 
appropriately  in  tlie  source  program  where  indicated  on  the  listing.  The 
program  listing  can  be  found  in  Appendix  J. 
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PERFORMRNCE  TEST  15  -  INITIRL  CONDITIONS s  130  KNOTS  SS  PERCENTILE 
RLTITUDEx  20  FT  SINK  RRTE s  33  FT/3EC  PITCH:  -10  DEG  ROLL:  0  DED 
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RLTITUDEx  30  FT  SINK  ROTE:  50  FT/SEC  PITCH:  -15  DEO  ROLL:  0  DEO 
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PERFORtIRNCE  TEST  10  -  INITIRL  CONDITIONS:  350  KNOTS  98  PERCENTILE 
BLTITUDEs  22  FT  SINK  RATE:  40  FT/SEC  PITCH:  0  DEO  ROLL:  0  DEO 
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PERFORMRNCE  TEST  19  -  INITIAL  CONDITIONS:  600  KNOTS  90  PERCENTILE 
RLTITUDEs  22  FT  SINK  RATE*  40  FT/SEC  PITCH:  0  DEO  ROLL:  0  DEO 
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PERFORriRNCE  TEST  20  -  INITIAL  CONDITIONS:  450  KNOTS  98  PERCENTILE 
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PERFORMRNCE  TEST  21  -  INITIAL  CONDITIONS:  0  KNOTS  98  PERCENTILE 
RLTITUDE:  0  FT  SINK  RATE:  0  FT/SEC  PITCH:  -20  DEO  ROLL:  0  DEO 
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PERFQRMRNCE  TEST  22  -  INITIAL  CONDITIONS:  50  KNOTS  90  PERCENTILE 
RLTITUDE:  0  FT  SINK  RATE:  0  FT/SEC  PITCH:  -20  DEO  ROLL;  0  DEO 
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APPENDIX  B 


CaSTTROLLED  ANGULAR  RATE  STUDY  PLOTS 
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F14  DURL  MODE  EJECTION  SYSTEM 

FRONT  SERT  98  PERCENTILE  SPEED=323.8  KNOTS 

flLT=5230.5.  SINK  RflTE=0,.  PITCHrlS,  R0LL=180 


F14  DURL  MODE  EJECTION  STSTEM 

FRONT  SERT  90  PERCENTILE  SPEED=315.S  KNOTS 

RLT=5012.  SINK  RRTE=-25.  PITCHrOr  R0LL=180 
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F14  DURL  MODE  EJECTION  SYSTEM 

FRONT  SEPT  98  PERCENTILE  SPEED  =  316 .5  KNOTS 

RLT=5012*  SINK  RRTE=0»  PITCH=15.  ROLL=lQO 
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APPENDIX  D 


TF-ISA  ESCAPE  SYSTEM  PERFORr'ANCE  STUDY  PLOTS 
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TF-18  PERFORMRNCE  STUDY  -  TEST  1.2  SEC  DELRY 

RERR  SERT  98  PCNTL  FRONT  SEAT  3  PCMTL  YELi  200  KNOTS 
ALT:  0  FT  SINK  RATE*  0  FT/SEC  PITCH*  0  DEO  ROLL*  0  DEO 
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TF-10  PERFORMnNCESTUDr  -  TEST  1.2-4  SEC  DELAY 
REAR  SEAT  88  PCNTL  FRONT  SEAT  3  PCNTL  VEL *  200  KNOTS 
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TF-18  PERFORMRNCE  STUDY  -  TEST  i  .3  -4  SEC  DELRY 

RERR  SERT  98  PCNTL  FRONT  SEAT  3  PCKTL  VELs  600  KNOTS 
RLTs  0  FT  SINK  RRTEs  0  FT/SEC  PITCH s  0  DEO  ROLL*  0  DEO 
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TF-18  PERFORriRNCE  STUDY  -  TEST  1.3  .4  SEC  DELRY 

REAR  SEAT  98  PCNTL  FRONT  SERT  3  PCNTL  VEL :  500  KNOTS 
ALT:  0  FT  SINK  RATE:  0  FT/SEC  PITCH;  0  DEG  ROLL:  0  DEO 
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TF-18  PERFORMRNCE  STUDY  -  TEST  ]. 4  .4  SEC  DELAY 

REAR  SEAT  98  PCNTL  FRONT  SEAT  3  PCNTL  VEL :  100  KNO 
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TF-18  PERFORMANCE  STUDY  -  TEST  1.7  SEC  DELAY 

REAR  SEAT  98  PCNTL  FRONT  SEAT  3  PCNTL  VEL  :  130  KN 
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Figure  D-15 
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TF-18  PERFORMANCE  STUDY  -  TEST  1.9  -  .4  SEC  DELAY 
REAR  SEAT  98  PCNTL  FRONT  SEAT  3  PCNTL  VEL ;  130  KNOTS 
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Figure  D--18 
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Figure  D-20 
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Figure  D--21 


TF-18  PERFORMANCE  STUDY  -TEST  1.1 I  -2  SEC  DELAY 

REAR  SEAT  98  PERCENTILE  FRONT  SEAT  3  PERCENTILE  VEL 5  0  KNOT 

ALT!  0  FT  SINK  RATE:  0  FT/SEC  PITCH:  0  DEO  ROLL:  0  DEO 
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Figure  D-25 
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TF-18  PERFORMANCE  STUDY  -'TEST  1.15  -2  SEC  DELAY 

ERR  SEAT  98  PCNTL  FRONT  SEAT  3  PCNTL  VEL  :  SOD  KNOTS 
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TF-10  PERFORMRNCE  STUDY  -  TEST  1.17  .2  SEC  DELAY 

EAR  SEAT  98  PCNTL  FRONT  SEAT  3  PCNTL  VELi  130  KNOTS 
-T*  245  FT  SINK  RATE*  0  FT/SEC  PITCH*  0  DEO  ROLL*  120  DEO 
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Figure  I>38 


.TF-18  PERFORMRNCE  STUDY  -TEST  1.20  .2  SEC  DELRY 

RERR  SERT  98  PCNTL  FRONT  SEAT  3  PCN'TL  VEL»  130  KNOTS 
RLT:20  ft  sink  RATE;  20  FT/SEC  PlTCH:-5  DEG  ROLL:  0  DEO 
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TF-18  PERFORMANCE  STUDY  -  'TEST  r.2b  *2  SEC  DELAY 
REAR  SEAT  98  PCNTL  FRONT  SEAT  3  PCNTL  VEL :  130  KNOT 
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Figure  I>-40 
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Figure  D-46 
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F-IQ  PERFORMfiNCE  STUDY  TEST  i  •S 

FRONT  8ERT  VS.  RERR  PILOT  98  PERCENTILE 


Figure  D-66 
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Figure  D-71 
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FRONT  PILOT  3  PERCENTILE  VS.  REAR  SEAT 
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FRONT  PILOT  98  PERCENTILE  VS-  RERR  SEAT 


Figi:ire  D-89 
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RONT  PILOT  90  PERCENTILE  VS-  RERR  SEAT 
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Figure  D-106 


TF-18  PERFORMRNCE  STUDY  TEST  2-1  .4  SEC  DELAY 

REAR  SEAT  98  PERCENTILE  FRONT  SEAT  3  PERCENTILE  VEL s  0  KNOT 
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TF-10  PERFORMRNCE  STUDY  -  TEST  2.1tR)  SEC  DELAY 
INITIAL  VELOCITY:  0  KNOTS  -  DOTH  SEATS  DI VERGE  LEFT 
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TF-18  PERFORMANCE  STUDY  -  TEST  2*2  .4  SEC  DELAY 
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TF-18  PERFORMANCE  STUDY  -  TEST  2.3  .4  SEC  DELAY 

REAR  SEAT  90  PCNTL  FRONT  SEAT  98  PCNTL  VEL :  0  KNOTS 
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TF-18  PERFORMRNCE  STUDY  -  TEST  2.4(01  .4  SEC  DELflY 

INITIRL  VELOCITY*  0  KNOTS  -  DOTH  SEATS  DIVERSE  LEFT 
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TF-18  PERFORMONCE  STUDY  -  TEST  2.B 

INITIAL  VELOCITY*  100  KNOTS  -  .4  SEC  DELAY 
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TF-18  PERFORMANCE  STUDY  -  TEST  2.8 

INITIAL  VELOCITY*  150  KNOTS  -  .4  SEC  DELAY 
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Figure  D-117 


TF-18  PERFORMANCE  STUDY  "  TEST  2.6faJ 
INITIAL  VELOCITY:  150  KNOTS  .4  SEC  DELAY 
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TF-18  PERFORMRNCE  STUDY  -  2.0  .4  SEG  OELRY 

REAR  SEAT  3  PCNTL  PROMT  SEAT  90  PCNTL  VEL :  200  KNOTS 
ALT;  0  FT  SINK  RATE:  0  FT/SEC  PITCH;  0  DEG  ROLL;  0  DEG 
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TF-18  PERFORMRNCE  STUDY  -  TEST  2.8(8)  .4  SEC  DELAY 

IMITIflL  VELOCITY*  200  KNOTS  -  BOTH  SEATS  DIVERGE  LEFT 
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Figure  D-123 
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TF-10  PERFORMRNCE  STUDY  -  TEST  2.10  .4  8EC  DELAY 

REAR  SEAT  3  PCNTL  FRONT  SEAT  3  PCMTL  VEL *  200  KNOTS 
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7F-18  PERFORMANCE  STUDY  -  TEST  2.12 
INITIAL  VELOCITYx  300  KNOTS  .4  SEC  DELAY 
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TF-10  PERFCRMRNCE  STUDY  -  TEST  S.iZCni 
INITIAL  VELOCITY*  300  KHOTS  .4  SEC  DELAY 
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Figure  I>130 


TF-18  PERFORMRNCE  STUDY  -  TEST  2-13 
INITIRL  VELOCITY s  350  KNOTS  .4  SEC  DELAY 
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TF-18  PERFORMANCE  STUDY  -  TEST  2.14 
INITIAL  VELOCITY:  400  Kr40TS  .4  SEC  DELAY 
SEATS  DIVERGE  IN  OPPOSITE  DIRECTIONS 
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TF-IQ  PERFORMRNCE  STUDY  -  TEST  2.I4CfiI 
INITIAL  VELOCITY*  400  KNOTS  -4  SEC  DELAY 
BOTH  SEATS  DIVERGE  LEFT 
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Figure  D-134 


TF-18  PERFORMRNCE  STUDY  -  TE8T  2.15  -4  SEC  DELAY 

REAR  SERT  98  PCNTL  FRONT  SEAT  3  PCNTL  VEL  :  500  KNOTS 
ALT:  0  FT  SINK  RATE:  0  FT/SEC  PITCH:  0  DEO  ROLL:  0  DEG 
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Figure  D-135 
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Figvure  D-143 


TF-10  PERFORMRNCE  STUDY  -  -4  SEC  DELfiT  TEST  8.1(0) 
RERR  8ERT  98  PCNTL  FRONT  SERT  3  PCNTL  VEL *  0  KNOTS 
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TIKE  (SEC) 


TF-10  PERFORMnNCE  STUDY  -  .4  SEC  DELAY  TEST  3.2 
REAR  SERT  98  PCNTL  FRONT  SEAT  3  PCNTL  VEL *  0  KNOTS 
RLT*  0  FT  SINK  RRTEi  0  FT/SEC  PITCH*  -30  DEO  ROLL*  30  DEO 


u  o 

2 

OUJ»- 
^  CS  2 

a  a 


02  C  iH 

!  &.  H 

LI  UJ  C 

1  H.  IJ. 

I  U  i-f 
LtO 

i3G: 

:  ar  uj  z) 

lUU  (i. 

I  I  I 
lua  uj 


»-  cr 

CC  UJ 
lU  V) 
02 

»- 
IK  2 
Cu  O 
UJ  Q£ 
t£  U. 

0< 


.  0-146 


Figure  D-145 


F-18  PERFORMANCE  STUDY  -  .4  SEC  DELAY  TEST  3-2fR) 
EAR  SEAT  99  PCNTL  FRONT  SEAT  3  PCNTL  VEL i  0  KNOTS 
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TIME  fOEC) 


TF~18  PERFORMRNCE  STUDY  -  .4  SEC  DELAY  TEST  4.1 

RERR  SEAT  98  PCNTL  FRONT  SERT  3  PCNTL  YELi  0  KNOTS 
RLTi  0  FT  SINK  RRTEx  0  FT/3EC  PITCH*  -10  DEO  ROLL*  20  DEO 
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Figure  D-147 


TF-18  PERFORMRNCE  STUDY  -  .4  SEC  DELRY  TEST  4.2 

REAR  SEAT  98  PCNTL  FRONT  SEAT  3  PCNTL  VELi  100  KNOTS 
ALT*  0  FT  SINK  RATE*  0  FT/SEC  PITCHs  Q  DEO  ROLL#  0  D  EO 
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Figure  D-149 


TF-18  PERFORMfiNCE  STUOr  -  .4  SEC  DELRY  TEST  4-4 

RERR  SEAT  3  PCNTL  FRONT  SEAT  98  PCNTL  VELi  226  KNOTS 
RLTs  0  FT  SINK  RATE*  0  FT/SEC  PITCH*  0  DEO  ROLL*  0  DEO 
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TF-10  PERFORMnNCE  STUDY  -  .4  SEC  DELAY  TEST  4.6 

REAR  SEAT  3  PCNTL  FRONT  SEAT  90  PCNTL  VELi  435  KNOTS 
ALT  *  0  FT  SINK  RATE*  0  FT/SEC  PITCH*  0  DEO  ROLL*  0  DEO 
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